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THE CRINOIDEA FLEXIBILIA 
By FRANK SPRINGER 


ASSOCIATE IN PALEONTOLOGY, U. S. NATIONAL MUSEUM 


INTRODUCTION 


It is a fresh illustration of the growth of knowledge that the division of the 
Crinoidea which forms the subject of the present memoir was not known at all 
to the earlier systematic writers who treated of the Class; neither to J. S. Miller, 
with whose epoch-making monograph the systematic study of the crinoids as a 
group began nearly a century ago, nor to Johannes Miller, whose masterly 
researches upon the anatomy of the Echinoderms 20 years later laid the founda- 
tion for future investigations upon their structure. The magnitude of the 
group as now understood is shown by the size of this treatise; and the progress 
above alluded to is further exemplified by the manner in which the subject has 
expanded under my hands. 

When I began the study of the Flexibilia after the death of Wachsmuth in 
1896, it was part of a more ambitious plan to work up the two groups remaining 
after the Camerata; and of these it was supposed that the present group would 
be relatively a minor undertaking. I estimated that 25 plates would contain all 
the necessary illustrations, and that these with the text would fall readily within 
the compass of a single volume. All the known material of this group in the 
museums of the world at that time did not occupy one-fourth of the space that 
is now required for the specimens of my own collection. Except for a few 
species, the Flexibilia are the rarest of all the fossil crinoids, some forms being 
represented by a single specimen, and most of them by only a few. It was my 
early perception of the inadequacy of material, of the necessity of making 
further collections, and of examining as far as possible the types and other speci- 
mens from all sources, that has in part caused the long delay in the preparation 
and publication of this work. Far the greater part of the delay, however, has 
been due to the desultory character of my studies, arising from causes not within — 
my control. The insistent demands of an exacting profession, and the claims 
of business affairs which absorbed the major portion of my time, caused fre- 
quent and often long breaks in the prosecution of the work, the total of which 
must be measured by years. 

These interruptions, however, have not been without their compensating 
advantages; for during all this time the acquisition of new material, chiefly 
through the medium of collectors in the field, has been steadily going on, result- 
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ing in important additions to our knowledge of this group. And the broader 
grasp of the subject consequent upon this increase of knowledge has enabled me 
to place on a firmer basis certain family divisions, which would have been left in 
an unsatisfactory condition if I had published my results a few years ago. 

I think it only fair to observe further, by way of personal allusion, that I 
have labored under the disadvantage of a lack of practical zoological training, 
which compels me to limit my treatment of the subject chiefly to the presenta- 
tion of the facts from a systematic standpoint, without venturing far into the 
field of evolutionary interpretation. This I prefer to leave to others who are 
better qualified to undertake it, and it is my hope that this contribution to the 
sum of knowledge of these organisms may be of some service to those who 
engage in more general discussions. 

It was evident to me at the outset that the plan of restricting the detailed 
investigation of this group to its American representatives, as was done in the 
treatise on the Camerata by Wachsmuth and myself, was unsatisfactory. I 
have therefore endeavored to include in this work all known species of Flexi- 
bilia, from whatever areas they may be derived. Such an enlargement of the 
scope of the research added materially to the labor and difficulty of its prosecu- 
tion, inasmuch as it became imperative to obtain accurate information in regard 
to the specimens contained in foreign collections. The most important in rela- 
tion to the present group of the Crinoidea are those in England, Sweden, Bel- 
gium and North Germany. 

COLLECTIONS 

It was my good fortune, thanks to the courtesy of the authorities in charge 
of them, to whom I am under a heavy obligation, to be able personally to study 
the material in most of the principal collections of those countries. First 
among these is that of the British Museum, containing the original collections 
of Gilbertson, Lord Enniskillen, Sir Philip Egerton, Mr. John Gray and others, 
including many of the types of Phillips, and specimens studied by Bather in the 
course of his various investigations; | have enjoyed the advantage of frequent 
communication and of personal conferences with Dr. Bather during the period 
of my studies on the Flexibilia, and he has with great generosity turned over 
to me for description some interesting specimens belonging to this group which 
he had himself proposed to describe. Other important material was furnished 
from the rich collection of Wenlock crinoids in the Dudley Museum, and the 
equally important collection from the same locality made by Mr. Charles 
Holcroft now belonging to the Museum of Birmingham, as well as from 
another by Mr. William Madely. These Silurian crinoids from the typical 
locality at Dudley were supplemented by a very fine series secured by myself 
from several private collections made in that vicinity during the years when the 
quarrying operations were most productive. The original collection of the 
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Austins in the Free Public Museum at Liverpool, containing the types of the 
species described in their monograph of 1843 to 1849, was placed at my dis- 
posal. I also had the privilege of examining an extremely important collection 
made in recent years from the Upper Carboniferous by Mr. James Wright, 
Jr., of Kirkealdy, Scotland, who with the greatest liberality sent me for study 
at my leisure his entire series of specimens of Flexibilia. From certain other 
British collections which I was unable to visit | have been supplied with photo- 
graphs, casts, and in some cases detailed drawings of all the important speci- 
mens pertaining to this group; chief among them were those of the Sedgwick 
Museum at Cambridge, containing the types of various species proposed by 
Salter with catalogue names, and the Museum of the Geological Survey of 
Ireland, at Dublin, containing the important types of M’Coy’s species. 

I also examined the types of De Kkoninck and Le Hon in the. Musée Royal 
d’ Histoire Naturelle in Brussels, in the Muséum d’Histoire Naturelle in Paris, 
and was furnished with casts of certain specimens of special importance; also 
the crinoids in the Museum of the University of Bonn, together with the fine 
private collection of Dr. B. Sturtz, both rich in Middle Devonian species from 
the Eifel, and Lower Devonian species from the slates of Bundenbach and 
Gemtunden. In addition to these I have had the benefit of a fine series of Eifel 
crinoids obtained by myself from local collectors at Gerolstein, and also at 
Prum by purchase of the collection of Lehrer Kroeffges, who was one of 
Schultze’s collectors prior to 1865. More important than all these, however, in 
connection with the Eifel crinoid fauna, is the collection of Schultze now at 
the Museum of Comparative Zoology of Harvard College, containing most 
of the types of his classic monograph. 

To my very great regret I was unable, owing to pressure of business mat- 
ters during my sojourns in Europe, to visit the great Swedish collections at 
Stockholm from the Silurian of Gotland, containing the types of Angelin’s 
Iconographia and of Hisinger’s earlier descriptions. But through the good 
offices of my lamented friend, Dr. Gustav Lindstrom, I was enabled to secure 
the services of Mr. Georg Liljevall, the accomplished artist and preparator of 
the Riks Museum, who has through a series of years made for me a careful 
study of all the Flexibilia material in the Stockholm collections, and has fur- 
nished me detailed drawings, not only of all the types of Angelin and Hisinger, 
but of every other specimen belonging to this group, existing in their time or 
subsequently acquired, which might throw any light upon the Gotland fauna. 
Mr. Liljevall is not only an artist of superb technique, but a keen and accurate 
observer who knows the crinoids of Gotland most thoroughly; and I feel cer- 
tain that by means of his patient and conscientious studies of this magnificent 
material I am enabled to give a far more accurate account of it than I could 
have myself prepared during any such brief visit as I might have made. 
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Abundant evidence of his care and skill will be found in the plates accompany- 
ing this volume, in which every one of Angelin’s types belonging to this group 
has been refigured and his erroneous illustrations corrected, while many new 
and important figures have been added. I wish to record my extraordinary 
obligations to Mr. Liljevall for a piece of accurate and truly scientific work 
such as J think has never been done before under like circumstances. Supple- 
menting the Stockholm material, I was able by purchase and by the employ- 
ment of collectors on the island to accumulate a very fine series of the Gotland 
crinoids, including a number of extremely important specimens belonging to 
this group. The study of all this material has resulted in clearing up several 
perplexing points left obscure by Angelin. 

In America all the collections of museums and individuals have been 
placed without reserve at my disposal, with liberty to remove such of the 
material as I desired to my own quarters for study at leisure. It is impossible 
to express the full measure of my appreciation of this generous assistance, or | 
the sense of obligation which I feel, not only for the facilities thus extended to 
me, but still more for the extraordinary courtesy and good-will with which they 
were offered. A brief enumeration of these collections follows: 

The facilities of the United States National Museum have at all times 
been freely accorded in aid of my studies upon the crinoids, especially under 
the administration of the Hon. Charles D. Walcott, Secretary of the Smith- 
sonian Institution, and of Dr. Richard Rathbun, Assistant Secretary in charge 
of the National Museum. In 1909, upon being informed of my desire to 
arrange for a permanent resting place for my collection of fossil echinoderms 
and library pertaining thereto, which had by that time grown beyond the 
capacity of the private museum formerly maintained at Burlington, Iowa, 
Dr. Walcott offered to provide suitable quarters for the collection, as well as 
for my researches, in the magnificent new building of the National Museum 
then under construction. Accordingly, in 1911, the transfer was made; a selec- 
tion of the specimens especially adapted for exhibition was installed in the Hall 
of Invertebrate Paleontology; the remainder, contained in about one thousand 
of the usual museum trays, was deposited in the research rooms assigned to me, 
where for the first time in many years the whole of it became conveniently 
accessible for study. In these commodious quarters the prosecution of my 
researches has been facilitated and made pleasant by the unvarying kindness 
of Dr. George P. Merrill, Curator of the Division of Geology, and Dr. R. S. 
Bassler, Curator of Paleontology. To Dr. Bassler I am especially indebted, 
along with many other favors, for valuable assistance to my collectors in the 
field in the interpretation of the stratigraphy, and for the use of his fine photo- 
graphic equipment which has been at all times at my disposal, together with 
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what was of still greater value to me, his own personal skill in operating it in 
special cases. I have also enjoyed the advantage of frequent consultation with 
Dr. E. O. Ulrich, of the U. S. Geological Survey, whose intimate knowledge of 
the stratigraphy of the American continent, and great familiarity with the 
interior Paleozoic areas and their faunas, have been of the greatest service. 

Regarding its own fossil crinoid material, the National Museum contains 
specimens from time to time collected by the United States Geological Survey, 
including types described by Meek and by C. A. White many years ago. It 
also has collections made by Dr. Ulrich and by Mr. I. H. Harris in the Cincin- 
natian and adjacent areas; by Dr. Carl Rominger in the Michigan Devonian; 
and the extremely important collection of Troost, chiefly from Tennessee, made 
about the middle of the last century by one of the pioneer paleontologists of 
this country, and used as the foundation of a monograph of the crinoids of 
that region prepared by him in 1850, but which remained unpublished until the 
National Museum brought it out in 1909 under the editorship of Miss Elvira 
Wood. 

Most important of all the museum material is the truly magnificent and 
unrivaled collection of Recent crinoids, brought together chiefly during the past 
10 years, largely through the energetic activities of Mr. Austin Hobart Clark. 
Beginning with a small nucleus containing some of the material derived from 
various early dredging expeditions by vessels of the United States Coast Sur- 
vey, it was in 1907 suddenly enriched by the product of a year’s cruise of the 
United States Bureau of Fisheries’ Steamer Albatross in the North Pacific, 
Alaskan, Japanese and Philippine waters, collected by Mr. Clark as acting 
naturalist, which revealed a surprising and wholly unexpected wealth of 
crinoidal life in those regions. This was augmented by collections on subsequent 
cruises, and by some private donations. To these accumulations must now be 
added extensive material derived from numerous foreign collections, placed in 
Mr. Clark’s hands for description by the institutions and governments owning 
them, consisting of duplicates which he was permitted to retain as author’s 
honoraria. From this source came 957 specimens, belonging to 121 species, 
which will be further increased from similar collections still under investiga- 
tion. The cosmopolitan character of these acquisitions may be judged by the 
following list of the expeditions and collections from which they have been 
derived: Ingolf (Danish), Greenland and Northwest Atlantic; Helga (Irish), 
West Ireland; Danish expeditions to Siam and to the Danish West Indies; 
Investigator and Golden Crown (Indian), Indian Ocean; Endeavour (Austra- 
lian) ; Western Australian Museum, Perth, and Australian Museum, Sydney ; 
Siboga (Dutch), East Indies; Sv. Gad collection from Singapore; Suensson 
collection from East Asia, Copenhagen; Gazelle (German), East Indies and 
Australia; Gauss (German), Antarctic; Golden Hind (Japanese), Japan. 
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All of the specimens so obtained from these widely distributed faunas 
have been added to the museum collection, thus bringing together, either by 
way of types or of authentic representative specimens, nearly all the species 
described by Mr. Clark in his various publications, so that the collection now 
includes among its 5387 specimens about 350 species from all the oceans, being 
over 60 per cent of the Recent crinoids known to science. This comprehensive 
material has formed the basis of Mr. Clark’s numerous works on the Recent 
crinoids, consisting of the first volume of his Monograph of the Existing 
Crinoids, and 125 other memoirs and papers, including 23 published by foreign 
authorities. These researches have resulted in the description by the author 
of 343 new species out of a total of 567 now described, to which will be added 
upwards of 50 more now under investigation by him; and in the creation of 
123 out of the 142 known genera. 

As having a special bearing upon my own work it may be noted that there 
is now contained in this museum collection an assemblage of larval forms of 
different genera from various areas such as has never been brought together 
before, some of which have been utilized by me in studies throwing new and 
important light upon the phylogeny of the fossil forms. From the standpoint 
which I have constantly maintained, that the fossil crinoids must be studied in 
connection with their living representatives, the advantage of the free use of 
such a great collection cannot be overestimated. This has been augmented by 
the privilege of drawing without limit upon Mr. Clark’s vast fund of knowl- 
edge of the Recent crinoids, as to which I have been in constant communica- 
tion with him ever since he began his crinoid studies in 1907. For the 
opportunity of unrestricted access to, and liberty to use, the specimens of this 
collection I wish to acknowledge my indebtedness to Dr. Paul Bartsch, Curator 
of Marine Invertebrates in the National Museum. 

At the Museum of Comparative Zoology of Harvard College my status 
as Associate in Paleontology in former years gave me officially the run of the 
collections; but the cordial interest in the work manifested by Mr. Alexander 
Agassiz during his lifetime, and by Mr. Samuel Henshaw, Director of the 
Museum afterwards, made my studies there doubly enjoyable. Containing as 
it does the original collections of Wachsmuth and Barris from the Lower 
Carboniferous of Burlington and vicinity made prior to 1874, including numer- 
ous types of species described by Meek and Worthen in the Illinois reports; 
of Walcott from the New York Trenton; of Dyer from the Cincinnatian; and 
of Schultze from the Eifel Devonian ;—the Harvard material is of first impor- 
tance in any investigation of the crinoids. 

At Yale University Museum there are important collections made by 
Beecher in the New York Devonian, containing types of species described by 
Miss Talbot; and by Bradley and Hovey from the Crawfordsville beds of 
Indiana, including types of some of my own species. 
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The American Museum at New York contains most of the types of the 
erinoids described by Hall.in the New York Reports; and the State Museum at 
Albany has nearly all the remainder, as well as the types of Hall’s species from 
the Waverly of Ohio. 

The Museum of Cornell University at Ithaca has the types of the species 
described by Williams, and also one or two of those described by Hall. 

The Victoria Memorial Museum of Ottawa, administered by the Geolog- 
ical Survey of Canada, contains the material which served as the basis of 
E. Billings’s important memoirs on the Crinoids and Cystids of Canada, and 
specimens described by Walter R. Billings; and the University of Toronto 
possesses a splendid collection of Devonian and Silurian crinoids presented to 
it by Sir Edmund Walker, including types studied by Parks. 

The Walker Museum of the University of Chicago is a rich repository of 
fine crinoidal material. In addition to the collection of Gurley, containing most 
of the types of Miller and Gurley’s numerous species, and the second collection 
of James Hall, there are those made by Dr: C. C. Washburn and by Dr. Herrick 
E. Wilson from the Indiana Silurian; that of Sir William van Horne from the 
Silurian and Carboniferous of Illinois; that of Mr. F. A. Sampson from the 
Carboniferous of Missouri; the numerous specimens obtained in recent years 
by Dr. Stuart Weller in connection with his field work for the Illinois Geolog- 
ical Survey, and the types of the many species described by him from the 
Silurian of the Chicago area and from various other formations. Dr. Weller’s 
information and advice touching the geological position of several crinoidal 
beds in southern Illinois have been of the utmost service in the placing of cer- 
tain species of doubtful horizon described in the early western reports. In this 
collection are now to be found the long missing types of Owen and Shumard’s 
species described in 1852, rescued from a rubbish barrel at the old David Dale 
Owen headquarters in New Harmony, Indiana. 

The University of Illinois at Champaign possesses the original collection 
of Professor Worthen, containing the types of Hall's species described in the 
Iowa Report of 1858; while in the State Museum at Springfield is the abundant 
material accumulated by the Geological Survey of Illinois under Worthen, in- 
cluding many types described by Meek and Worthen in the Illinois Reports. 

The University of Iowa, at Iowa City, has some excellent material col- 
lected by Professor Calvin, and also the fine collection of Recent crinoids 
obtained by Professor Nutting on his remarkable dredging expedition to the 
West Indies in 1893. In the Davenport Academy of Sciences are some types of 
species described by Barris; and in the Academy of Science of St. Louis some 
of the early collections of Shumard and Yandell. 

Professor R. R. Rowley at Louisiana, Missouri, has an extensive collec- 
tion of Missouri crinoids from Carboniferous, Devonian and Silurian rocks, 


8 SMITHSONIAN INSTITUTION 


including important types of species described by him. Mr. George K. Greene, 
of New Albany, Indiana, had the types of species described by Rowley in Mr. 
Greene’s Contributions to Indiana Palaeontology, and since his decease pend- 
ing the publication of this volume his collection has been acquired by the Amer- 
ican Museum. The collection of the late Professor Borden at Borden, formerly 
New Providence, Indiana, contains specimens obtained by Dr. Knapp at Louis- 
ville, and Dr. Harrod at Canton, Indiana. 

All the foregoing collections I have carefully examined, and through the 
courtesy of their owners I have selected from them such specimens as I desired 
for study and figuring, as already stated. 

It must be said, however, I hope without unseemly pretension, that for 
the elucidation of the group of crinoids under consideration in this work by 
far the most important and extensive material is that contained in my own 
personal collection, now deposited in the National Museum. This has come 
about not only through the acquisition by purchase of many old and typical 
collections, but because for 20 years I have given close attention to the 
assembling of specimens pertaining to this group with special reference to 
these researches. A brief statement of the sources from which the collection 
is derived will indicate the nature and extent of this material: 


ORDOVICIAN : 

Chazyan. Collections by Wachsmuth, Wetherby, and Braun from the Ottosee formation 
in Knox and Granger counties, Tennessee. 

Trenton. The collection of Professor W. F. Pate, of Lebanon, Kentucky, especially 
rich in crinoids from the Mohawkian area of Woodford and Mercer counties, Kentucky. 
Collections made for me by Dr. E. Kirk at Kirkfield, Ontario, Canada, containing among other 
‘things the material used in my memoir on a Trenton Echinoderm Fauna, published by the 
Geological Survey of Canada in 1911. Also excellent material from the beds at Ottawa, 
Canada, obtained through Mr. Walter R. Billings, and from the Black River beds at Minne- 
apolis, Minnesota, and Mineral Point, Wisconsin, collected by Dr. Sardeson and by Mr. Braun. 

Cincinnatian. The original collection of Mr. J. Kelly O’Neall, of Cincinnati, containing 
types of several of Hall’s species described in the Ohio Reports; many specimens from the - 
Cincinnati area obtained by purchase and exchange; collections made by Braun in the Oswego 
area, Illinois ; and important type and other material in the S. S. Lyon collection. 

Foreign Ordovician. An important series collected for me by Professor J. J. Jahn, of 
Briinn in Bohemia, from Etage d, near Zahoran. 

SILURIAN : 

Rochester Shales. The extensive collection of Dr. E. N. S. Ringueberg at Lockport, 
New York, containing the types of his species, and material accumulated during many years 
of careful collecting. Still larger collections made by Mr. Braun for me at Lockport, through 
extensive quarrying in the productive layers during the seasons of 1910, 1911 and 1914. 
Collections in the Osgood area of Indiana by Beachler. 

- Laurel and Waldron. Collections at St. Paul, Indiana, by Beachler in 1887; Braun in 
1911, and Wilson in 1915, 1916 and 1917; also specimens. from Dr. Moses Elrod at Hartsville, 
and from Dr. C. C. Washburn, of Waldron, prior to the acquisition of his collection by the 
University of Chicago. Collections made by Pate, Braun and Bassler in the Waldron beds of 
Tennessee. The collection of John F. Hammell, of Madison, Indiana, including that of A. C. 
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Benedict ; both rich in Osgood, Laurel and Waldron echinoderms, and containing many types 
of species from the Cincinnatian, Niagaran, and Hamilton of Indiana. 

Racine dolomites. A good representative series from the Chicago area, by exchange; 
and from equivalent horizons in New York and Ohio collected by Braun. 

Brownsport to Louisville. Collections made by Wachsmuth during several seasons in 
Tennessee along the Tennessee River ; collections of great importance made by Professor Pate 
for me in Decatur and adjoining counties, Tennessee, in 1906 and 1907, chiefly by extensive 
quarrying operations. These yielded an extraordinary series of well-preserved crinoids which 
includes many new forms, and representatives of European genera hitherto unknown in 
America ; they will form the subject of a monograph now in preparation, for which drawings 
are already made to fill at least 25 plates. A small but choice collection made by Mrs. J. M. 
Milligan, of Jacksonville, Illinois, in Decatur County, Tennessee, containing the types of 
several species from the Brownsport horizon described by Miller and Gurley. With the 
S. S. Lyon collection much valuable material from that horizon was obtained, and Braun 
collected there successfully in 1910. 

Wenlock. From Dudley, England ; a good local collection purchased at Dudley in 1887, 
and many additional specimens obtained through exchange, and occasional purchase from 
dealers ; the material thus secured being especially rich in good specimens of the Flexibilia, 
in which from this locality it is more complete than any other outside of the British Museum. 
From Gotland, Sweden ; collections made for me in 1894 and 1895 by Professor G. Klintberg, 
and in 1906 by Mr. A. Florin, besides continual additions through purchases from dealers, 
this material also is strong in rare species of Flexibilia. 

For 20 years I had a standing arrangement with the well-known fossil dealers, Krantz in 
Bonn and Damon in Weymouth, to inform me of every new acquisition of crinoids and to 
send me for examination such as I might designate. Much valuable material was from time 
to time obtained in this way, especially from the English and Swedish Silurian, the Devonian 
of the Eifel, and the Russian Carboniferous. 


DEVONIAN : 

Helderbergian and Oriskany. The collection of Frank Hartley, of Cumberland, Mary- 
land, acquired in 1908, containing the types of species described by Schuchert; it is rich in 
echinoderms from the beds at Keyser, West Virginia, and contains the finest lot of Edriocrinus 
and other forms (some undescribed) from the Oriskany ever obtained. Also collections made 
by Braun in 1907 at Cumberland; in the Linden beds of Tennessee; and in 1912 at Cape 
Girardeau, Missouri, in the equivalent Bailey limestone, producing the extraordinary speci- 
mens of Scyphocrinus elegans, described in my memoir of 1917. Collections made by Mr. Pate 
in 1914 and 1915 in the Linden beds of Hardin and adjacent counties in Tennessee, yielding 
the other specimens of Scyphocrinus and its bulbous root Camarocrinus forming the further 
basis of the memoir upon those forms above mentioned. Good specimens of Scyphocrinus 
were also obtained from the typical locality at Karlstein in Bohemia. 

Onondaga and Hamilton. The original collection of Col. Sydney S. Lyon, and that 
subsequently made by his son, Mr. Victor W. Lyon, of Jeffersonville, Indiana, containing the 
types of nearly all the species of Lyon, and of Lyon and Casseday, and some of Wachsmuth 
and Springer, chiefly from the Onondaga and Hamilton rocks of the Louisville, Kentucky, 
and Clark County, Indiana, areas; and also important material from the Knobstone, Keokuk 
and Kaskaskia beds of Indiana and Kentucky. Colonel Lyon had prepared drawings for the 
species published by him mostly without illustration, intending to republish them with others 
undescribed ; but his project was interrupted by the Civil War of 1861 to ’65, through which 
he served as a gallant officer in the Federal army. His drawings passed into my hands with 
his collection, and they bear ample testimony to his keenness of observation and zeal in the 
study of the crinoids. The younger Lyon was also an ardent collector for many years; and 
these two collections furnish the best exposition of the crinoid faunas of that region made up 
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to their time. Another very fine collection limited to the beds at and around Louisville was 
made in the early years by Dr. J. Knapp, and afterwards passed into the hands of Professor 
W. W. Borden, of Borden, Indiana ; it contained type and other specimens of much importance 
which Professor Borden with extraordinary generosity presented to me, and some of which 
were described in my memoir on American Fossil Crinoids, in 1911. Since 1896 nearly all 
the crinoids found in the Louisville area by the veteran and indefatigable collector, George K. 
Greene, of New Albany, Indiana, have been submitted to me for inspection and for the pur- 
chase of such as I desired ; continual purchases were made from him, largely with a view to a 
revision of the genera Dolatocrinus and Hadrocrinus, which were not adequately treated in 
the North American Crinoidea Camerata for want of proper material. This has now been 
supplied, and numerous drawings for the proposed paper have been made. Mr. Greene lived 
in the midst of the crinoidal exposures at and near the Falls of the Ohio, and could watch 
them at all stages of water ; scarcely a season passed without a good haul being made. Among 
the acquisitions from him is considerable undescribed material. Collections made by Kirk 
in the Onondaga of New York in 1906, and by Braun in 1910, and a fine series from the 
Onondaga of Columbus, Ohio, given to me by Rev. H. Hertzer, whose collections of fossil 
fishes have enriched the paleontology of that state. The collection of Rev. W. H. Barris from 
the Hamilton strata near Davenport, Iowa, but especially in the Alpena region of northern 
Michigan—the product of several summer vacations spent in the field by that ardent paleon- 
tologist ; it contains types of species described by Wachsmuth and Barris and by Barris alone, 
and a large number of fine specimens of other species, including some new. This is supple- 
mented by extensive collections afterwards made for me in the same region by Kirk with 
better facilities ; and also by some specimens from the Tiffany collection at Davenport, Iowa. 
Collections made for me in the Hamilton of Callaway County, Missouri, by Mr. D. K. Greger, 
of Fulton, Missouri; in the Hamilton and Portage of New York near Moscow and Naples by 
Kirk in 1908 ; in the Chemung at Belmont, N. Y., by Braun in 1909. 

European; Lower Devonian. Slates of Gemiinden and Bundenbach in northern Ger- 
many ; a complete series from Dr. B. Sttirtz at Bonn, and subsequent purchases. 

Eifelian. Good collections obtained by me during a tour of the Eifel Mountains in 1887 
from local collectors, including that of Kroeffges at Pritim; and numerous purchases from 
collectors and dealers in Gerolstein and Bonn at frequent intervals since—all resulting in a 
very complete series of the Eifel crinoids, and exceptional specimens of some species. A good 
series of the species from equivalent strata in southern France and Spain was obtained by 
exchanges. 


LOWER CARBONIFEROUS : 

Waverly; Kinderhook; Choteau. Collection made for me in the Ohio Waverly at Rich- 
field, Ohio, by Beachler in 1888. Large collections from the so-called Kinderhook horizon 
made during several visits by Wachsmuth and myself at Le Grand, lowa—one of the remark- 
able localities for finely preserved crinoids and blastoids—and by purchase from local 
collectors. By arrangement with the owners of the quarry we were present when the crinoid 
layer was exposed and taken out under our direction, thus enabling us to obtain great numbers 
of specimens in perfect condition. From the equivalent of the Choteau at Lake Valley, south- 
ern New Mexico, a large collection was made by myself during three visits, embracing many 
species common in the rocks at Burlington. : 

Lower and Upper Burlington. The typical locality for these horizons is at Burlington, 
Iowa, which has been classic ground for crinoid collectors ever since the descriptions by Owen 
and Shumard in 1852; the residence of Wachsmuth for 35 years, and of myself for five, and 
the seat of our joint paleontological investigations from 1878 forward. No other locality 
compares with it for abundance, preservation and variety of fossil echinoderms, the number 
of described species of crinoids and blastoids amounting to 334. The exposures are very 
extensive ; quarries in former years were numerous, and transient collectors could generally 


INTRODUCTION : Ih 


find weathered specimens of the more usual species. But it was the local collectors, who 
understood the strata and could watch the quarries when rich layers were opened, or quarry 
for themselves in favorable spots, by whom were found the bulk of well-preserved specimens 
which made the locality famous ; many of the fossils with their light color and delicate mark- 
ings appeared as if freshly dredged from the sea. In this kind of truly scientific collecting 
Wachsmuth was past master, and he took great pride in it to the last, insisting that to under- 
stand fossils best one must know them in the rocks. His knowledge of strata was almost 
uncanny ; so that he could often tell when a rich layer was about to be uncovered in a quarry 
and make arrangements for securing its contents. It was the current belief among the quarry- 
men that he possessed a sort of second sight for good fossils that was not shared by other men. 
There were other good collectors also, and a number of fine individual collections were from 
time to time accumulated, most of which eventually passed into my hands. During the last 
10 years of his life, in order to escape the trying climate of early spring, Wachsmuth went to 
the south every February accompanied by his devoted wife, who was an ardent collector also, 
collecting at many localities in Kentucky and Tennessee, but principally in the vicinity of 
Huntsville, Alabama. He thus made immense collections in the later formations of the Lower 
Carboniferous—Keokuk, St. Louis and Kaskaskia—many of them by quarrying after tracing 
the crinoids to their layers, by which means he obtained unweathered specimens in a condition 
of perfection that no one had seen before. 

Of the earlier collections at Burlington, three went to the Museum of Comparative 
Zoology at Harvard, viz., those of B. J. Hall, W. H. Barris, and Wachsmuth, all made prior to 
1874, and containing many types of species described by James Hall, and by Meek and 
Worthen. With the exception of these, and occasional small lots obtained by visitors, and 
scattered through the museums of the world; one small but very choice series secured by the 
British Museum ; and a small collection by the Field Museum, Chicago ;—the present collection 
contains substantially all the fossil echinoderms that have been collected at Burlington and 
vicinity during the past 50 years. It is derived from the following sources: My own personal 
collections made from 1867 to 1872; that of Wachsmuth and of Wachsmuth and myself jointly 
after 1874, including the product of frequent expeditions to other Burlington and Keokuk 
localities in Iowa, Illinois, Missouri and Kentucky, and continual purchases from quarrymen 
and small local collectors who usually brought their finds to Wachsmuth for inspection; the 
original collection of Dr. Charles A. White made before 1866, containing types of species 
described by him and by James Hall, disposed of to the University of Michigan and subse- 
quently acquired by me through exchange; the early collections of Dr. Otto Thieme, Enoch 
May, J. W. Giles, James Love, H. Griffith, S. Bittner, and an especially fine one of later years 
of Mr. J. O. Beebe; collections made by myself at intervals from 1896 to 1911, especially 
through extensive quarrying at various points by a regular collector during several years, 
resulting in important new acquisitions. 

From the so-called Knobstone formation, equivalent in part to the Lower Burlington, 
important collections were made in southern Indiana, the Knobs of Kentucky, and at White’s 
Creek Springs, Tennessee, by Wachsmuth, and afterward extensively by Braun; to which 
must be added two choice sets of the crinoids of that formation given to me by Dr. Karl 
Rominger, of Michigan, and Rev. H. Hertzer, of Ohio, both containing specimens of much 
importance especially in the Flexibilia. 

Foreign equivalents. From the approximate foreign equivalent, the Mountain limestone 
of Belgium and Britain: The collection of Mr. Ad. Piret at Tournai, acquired in 1888 ; and 
all the important crinoid material collected by him for the next 20 years, including some 
especially valuable specimens for the study of this group. A good series embracing most of 
the known species from the British rocks in Waterford County, Ireland, and in Yorkshire, 
England. 
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Keokuk; western area. The original collection of Lisbon A. Cox, of the city of Keokuk, 
Iowa, being the result of 30 years steady collecting in the western Keokuk limestone of the 
Mississippi River area in Iowa, Illinois and Missouri—by far the most complete series of the 
crinoids of that region ever brought together. It contains the types of a large number of 
species described by Worthen in Volume VII of the Illinois Geological Survey Reports, and 
by Wachsmuth and Springer in the Camerata monograph. Mr. Cox was in the field during 
the years of excavation of the canal around the rapids of the Mississippi River at Keokuk, and 
profited greatly by the opportunities thus afforded ; and he also did some quarrying on his own 
account in especially favorable spots. Two other small local collections purchased, and the 
product of occasional expeditions by Wachsmuth and myself into the western Keokuk area, 
supplement the material contained in the Cox collection with important additions. 

Keokuk shales and limestones east of the Illinois uplift; chiefly in Montgomery County, 
Indiana. Next to Burlington the most famous crinoid locality in America is Crawfordsville, 
Indiana, containing the largest colony of Paleozoic crinoids ever found, specimens from which 
are to be seen in all museums. The number of species does not exceed 40, but the specimens 
occur in great profusion, and at certain spots in excellent preservation as to arms and stems, 
but not as to fine structures—being injured in this respect by the presence of iron pyrites. 
A large collection made by M. Zeller was purchased in 1880; subsequently I acquired the 
ground in which the best part of the deposit was situated, where I carried on large quarrying 
operations in 1887 under Charles S. Beachler, assisted by the veteran Indiana collector, O. W. 
Corey, who had worked the beds extensively in early years;* and to a still greater extent 
under Mr. Braun in 1906. Both of these operations yielded finely preserved specimens in 
great quantity. 

A still more important locality, if not so famous, in the same area but slightly lower, was 
on Indian Creek about 12 miles from Crawfordsville. It was discovered by Mr. Beachler 
while collecting for me in 1888, being a small colony which produced several thousand speci- 
mens of about 20 species in a state of preservation nowhere surpassed, especially as to struc- 
tural details. The remarkable preparations showing the tegmen of Onychocrinus figured in 
this work came from there. In 1907 Mr. Braun uncovered another colony a short distance 
from the last, from which a large amount of extraordinary material was obtained. Another 
prolific locality at an equivalent horizon was near Canton, in Washington County, southern 
Indiana, where a fine collection from the principal colony was made by Wachsmuth during 
one of his annual trips, and by Braun, in addition to important typical material contained in the 
Lyon collection. 

Warsaw. From the western area an excellent assortment from these beds was collected 
at Boonville, Missouri, by Beachler, and still more material was obtained in the Hambach 
collection. The Salem beds in the Spergen Hill region were carefully worked by Wachsmuth, 
Beachler, and in later years by Braun, yielding a complete representation of their fauna. 

St. Louis. The original collection of Dr. G. Hambach, of St. Louis, acquired by me in 
1907, containing the types of his published investigations on the Blastoids, and a vast quantity 
of other blastoid, crinoid, and echinoid material, especially from the St. Louis, Kaskaskia, 
Warsaw and Keokuk beds, and also from the Choteau and Lower Burlington beds of south- 
western Missouri, and the Upper Carboniferous at Kansas City. 

Kaskaskia. Wachsmuth’s years of collecting at Huntsville, Alabama, yielded great num- 
bers of crinoids and blastoids from this horizon, as also did Pate’s collection from western 
Kentucky. Wachsmuth rediscovered Wetherby’s famous locality in Pulaski County, Ken- 
tucky, which yielded wonderfully preserved specimens of this formation, and I also obtained 
an extremely fine series of them from a local collector. Braun visited this locality in recent 
years with good results, although the great wealth of former times was not again disclosed. 
The S. S. Lyon collection contained excellent material from the typical locality at Grayson 
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Springs, Kentucky. In Monroe and Randolph counties, Illinois, Braun in 1913, by careful 
collecting and by quarrying in one locality, obtained a very fine lot of well-preserved specimens 
of this formation; while the Hambach collection contains the fruits of many years’ annual 
expeditions into that region. 

Foreign equivalents. Russian; from the Bergkalk at Moscow, a complete series obtained 
from Professor Trautschold, including good specimens of all his species, supplemented by 
others secured since that time by purchase from dealers. British; from the Hurlet limestone 
of the Scotch Carboniferous, a fauna remarkably similar to the American Kaskaskia, a good 
collection obtained by exchange. 

Upper Carboniferous. Straggling specimens from the Lower Coal Measures of Kansas 
and Illinois. From the upper beds and Permo-Carboniferous of Missouri, Kansas, and New 
Mexico. Especially two collections by local collectors from the great find of well-preserved 
specimens at Kansas City, and a considerable quantity of the same material in the Hambach 
collection. ; 
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Very complete series from the Muschelkalk of the German Trias—Encrinus and allied 
forms; from the Liassic of Lyme-Regis, England, and the Holzmaden area in Germany— 
Pentacrinus, etc.; the Middle Jurassic of England and Northern France—A piocrinus, etc. ; 
Upper Jurassic of France, Germany and America—Isocrinus, etc.; Cretaceous of England— 
Marsupites, Bourgueticrinus, etc.; and of America, Uintacrinus—the extensive material used 
in-studies for my memoir of 1901 on that genus, except most of the figured specimens which 
are at the Museum of Comparative Zoology. 


RECENT: 

A small but useful series of comatulids and stalked crinoids necessary for the study of 
the fossils, accumulated prior to the removal of my collection to Washington, containing some 
extremely rare forms, such as Holopus. 

Speaking of the Flexibilia alone, the collection contains good specimens of 142 species out 
of the total of 176, or 80 per cent of all the recognized forms. 


COLLECTORS: 


During the years in which the above-mentioned material was being ac- 
cumulated I was fortunate in obtaining the services of several able and zealous 
collectors. The first was Mr. Charles S. Beachler, of Crawfordsville, Indiana, 
a graduate of the Wabash College of that place, who began his field work 
under my direction in 1887, and continued for about four years. During this 
time he quarried the famous Crawfordsville beds; discovered in the same 
county the more important locality on Indian Creek, which goes by his name 
among the fossil hunters, and spent another season working it; made collec- 
tions in two other Keokuk localities discovered by him in that region; quarried 
in the Waldron beds at Conn’s Creek; collected carefully in the Laurel exposures 
at St. Paul; made two trips among the different localities in southern Indiana 
and Kentucky, and also one to Boonville, Missouri. He had a good knowledge 
of the geology of the Indiana Carboniferous formations, and published several 
papers in relation to them. Mr. Handel T. Martin, now Curator of Paleon- 
tology in the University of Kansas at Lawrence, assisted me in making my 
extensive Uintacrinus collections in the Cretaceous of western Kansas, and 
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afterwards collected for me in the Upper Carboniferous of eastern Kansas. 
Dr. Edwin Kirk, now a member of the staff of the United States Geological 
Survey, made for me an extremely valuable collection in the Trenton beds at 
Kirkfield, Ontario; three others in the Onondaga, Hamilton, and Portage rocks 
of New York; and still another during a season’s work in the Hamilton of 
northern Michigan. 

The veteran collector, Frederick Braun, now of Brooklyn, New York,* 
whose specimens from Crawfordsville and Cincinnati in former years found 
their way to all the museums of Europe, carried on field work for me from 
1906 to 1914, collecting echinoderms exclusively. He has a keen eye for fossils, 
and is a master in recovering them from the rocks when a productive bed is 
located ; in this kind of work his patience, perseverance and resourcefulness are 
without limit. During the years mentioned he carried on large quarrying 
operations at Crawfordsville, Indiana, sending in 115 boxes of fossil crinoids 
as the result of a season’s work, in which he exhausted the locality for any 
systematic collecting; another season he worked in a similar way a rich bed 
found by him on Indian Creek, from which he filled 25 boxes; he quarried dur- 
ing three seasons in the Rochester shales at Lockport, New York, with most 
important results in the way of finely preserved specimens such as had not been 
obtained before at that celebrated locality; another season’s work was done at 
Cape Girardeau, Missouri, resulting in the securing of the extraordinary 
material described in my memoir on the genus Scyphocrinus. In addition to 
these long campaigns he made several more general trips, on which he collected 
in the Onondaga and Hamilton of New York, the Niagaran of St. Paul, In- 
diana, and of Decatur County, Tennessee; the Ordovician of Knox and Granger 
counties, Tennessee, and of Mercer and Woodford counties, Kentucky; the 
Linden of Perry and Benton counties, and the Niagaran near Nashville, Ten- 
nessee; the Knobstone of White’s Creek, Tennessee, and of the Knobs of 
Kentucky and southern Indiana; the Kaskaskia of Monroe and Randolph coun- 
ties, Illinois; and the Ordovician of the Oswego region in Illinois, and of 
southern Wisconsin. 

In 1905 I purchased the large collection made by Professor W. F. Pate, of 
Lebanon, Kentucky, chiefly in that state and Tennessee. He was then on the 
staff of the Kentucky Geological Survey as Associate Geologist during the 
summers, but through the courtesy of the Director, Dr. Charles J. Norwood, 
I was enabled to secure his services for a collecting campaign in the Niagaran 
of Decatur County, Tennessee, which had been a favorite collecting ground 
for paleontologists since the times of Troost and Roemer. This he prosecuted 
during the two following seasons, tracing the fossils to their strata in place, 
and quarrying, which resulted in securing more finely preserved specimens 
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than had been found by all previous collectors during 50 years, forming an 
assemblage of crinoids which will take rank with the great collections from the 
equivalent horizon in the Island of Gotland, and which exhibits in some respects 
a remarkable parallelism with the Gotland fauna. Afterward Mr. Pate spent 
a considerable part of two more seasons in the Linden beds of Hardin and 
adjacent counties in Tennessee, with extraordinary results in the way of new 
material to which my memoir on the genus Scyphocrinus bears witness. Mr. 
Pate knows the geology of Kentucky and Tennessee most intimately, and when 
in the field collects with amazing energy, and with an intimate knowledge of the 
stratigraphy. 

During the past three seasons my assistant, Dr. Herrick E. Wilson, has 
made important collections in the Laurel limestone at St. Paul, Indiana, and 
vicinity, the crinoid fauna of which bears a striking resemblance to that of a 
part of the Wenlock of Gotland. Dr. Wilson has also made the microscopic 
studies and the drawings upon the remarkable series of comatulid larvae de- 
scribed and figured in this work. 


ILLUSTRATIONS 


I have been peculiarly favored in the preparation of the drawings for the 
accompanying plates by having the services of two of the most skillful living 
artists in this line of work. Mr. Liljevall’s share in their execution has already 
been stated. Mr. Kenneth M. Chapman, now of Santa Fé, New Mexico, began 
making drawings for me in 1900, and has continued to do so ever since. He 
was then without experience in that class of work; but his technical skill, fine 
artistic sense, and keen scientific observation of details enabled him to keep 
pace with my requirements until he became the master to whose preéminence 
the 75 beautiful plates of this work, as well as the numerous others in previous 
publications, bear convincing testimony. His unflagging interest in the prepa- 
ration of these volumes has made our association one of continual pleasure. 
Mr. Chapman in addition to the pencil wields a skillful brush, as his canvasses 
in oil show, and his original studies upon the evolution of Decorative Art have 
made him one of the leading authorities in that branch of archaeological 
research. 

Mrs. Edith Ricker, of Burlington, Iowa, made some drawings for this 
work at its beginning, and the fine figure 3 on Plate LX XII stands as proof of 
her skill. I am also indebted to Professor Maurice Ricker for helpful assist- 
ance in photography at that time. 

All of my plate figures, except the drawings of comatulid larvae, are made 
from a photographic basis, but they are not in any sense mere retouched photo- 
graphs. A very light print is made upon a paper which will take water color, 
giving the outline and sutural details which formerly constituted the drudgery 
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of the artist; then the picture is worked out with India ink under a low power 
magnifier, every part being carefully gone over with the brush. Thus scien- 
tific accuracy and artistic effect are combined. 

The adequate reproduction of the work of such artists is no simple matter, 
and calls for a degree of care and skill far beyond that of the ordinary com- 
mercial printing. It has been accomplished by the Heliotype Company of Bos- 
ton in a manner that is worthy of the drawings. No pains have been spared to 
insure the most perfect effects, and it is to the constant attention and vigilance 
of the company’s manager, Mr. W. C. Ramsay, that the admirable results are 
especially due. 
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TERMINOLOGY 


The terms employed in this work differ in some particulars from those 
used by Wachsmuth and Springer in the Crinoidea Camerata memoir. The 
difference is chiefly in regard to the plates of the brachial series succeeding the 
radials. For these I have heretofore adopted and shall continue to use the 
nomenclature and symbols proposed by Bather in Lankester’s Treatise on 
Zoology, Pt. III, p. 143, and previous papers, as being the most philosophical 
and accurate, and also the logical consequence of our own researches. This 
conclusion was stated in my memoir on Uintacrinus,* and I will restate the 
reasons for it. When in 1881 and 1885°* we showed that the arms funda- 
mentally begin with the second plate of the ray—4. ¢., that all plates of the ray 
above the radial circlet, whether free or not, are brachials—it logically followed 
that they ought to be designated according to their numerical succession; and 
we in fact proposed to use the terms “ primary,” “ secondary” and “ tertiary ” 
brachials, etc. Upon conference with P. H. Carpenter, who thought those 
terms too long and cumbrous, we agreed to adhere to the Mullerian “ costals,” 
“ distichals’ and “ palmars,” as proposed by him.* In the Camerata mono- 
graph * we retained, in an explanatory sense, the alternative terms “ primary 
brachials,” ‘‘ secondary brachials,” “ tertiary brachials,” followed by “ brachials 
of the fourth order,” and so on, and employed for them the symbols I, II, III, 
IV, etc. Bather’s invention of the terms “ primibrachs,” “ secundibrachs,” etc., 
and the other terms naturally accompanying them, with their convenient sym- 
bols, was a solution of the difficulty, and furnished a terminology for these 
parts consistent, convenient in use, and easily remembered; and I have em- 
ployed them ever since, not without, however, an occasional lingering regret 
for the strong and terse designations of Muller. 

Some of the innovations agreed upon by the authors above cited are of 
questionable advantage. This is notably the case with the old familiar terms 
“interradials ” and “interbrachials,’ the former meaning plates between the 
rays, and the latter plates between their divisions. In order to make the de- 
scriptive term conform to the current morphological concept (it having been 
decided that all plates of the ray above the radial circlet belong fundamentally 
to the arms and are therefore all “ brachials ”), the term “ interbrachials ”’ was 
shifted so as to apply to that portion of the plates between the rays which are 
above the radial circlet. This leaves no appropriate or special term for those 
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*Mem. Mus. Comp. Zoology, Harvard, vol. 25, no. I, 1901, p. 41. 

* Revision of the Palaeocrinoidea, pt. 2, p. 10; ibid, pt. 3, p. 12. 

“Carpenter, P. H., Ann. and Mag. Nat. Hist. (6), vol. 6, 1890, pp. 11-18; Wachsmuth and Springer, 
Proc. Acad. Nat. Sci., Philadelphia, vol. 42, Oct., 1890, pp. 374-375. 

“Mem. Mus. Comp. Zoology, Harvard, vol. 20, 1897, pp. 73-75. 
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plates between the rays which lie within the radial circlet, like the first plate in 
the Rhodocrinidae; this must therefore be included within the general term 
“interradials,’ while new and ponderous terms (intersecundibrachs, etc.) must 
be provided for plates between the ray divisions. This is confusing and wholly 
unnecessary, the former use of the terms being self-explanatory. While ad- 
“interbrachial”’ with the symbol iBr, as now generally 
employed, I shall reserve the liberty to use the term “interradials ” freely in 
discussion to describe all plates dorsally situated between the rays, whether in 
the zone of the radials or above. For those in the tegmen the term “ inter- 
ambulacrals ” is sufficient. 


hering to the term 


For encyclopedic collections and definitions of terms employed in connec- 
tion with the Crinoidea, I refer to Bather’s chapters in the Lankester Zoology, 
and to Clark’s Monograph of the Existing Crinoids,* the first volume of which 
appeared in 1915. For the purposes of the present work the following list, 
largely adopted from the Camerata monograph, is deemed adequate: 


EXPLANATION OF TERMS 


Column or stem. The jointed appendage attached to the dorsal end of the calyx. It is 
composed of segments or ossicles called columnals, which are either nodals (cirrus-bearing ) 
or internodals (interpolated segments). The longitudinal canal running through the center 
of the stem into the calyx is the axial canal. When speaking of the form of the stem the trans- 
verse section is meant. The top columnal is called the proximale. 

Arms. Jointed appendages toward the ventral pole of the calyx, formed by the outward 
extension in a radial direction of apposed projections of the dorsal wall and ventral perisome 
given off at the line of union between these two structures. They may be either simple or 
branching; composed of one series of brachials (uniserial), or of two interlocking series 
(biserial) ; if they branch by substantially equal bifurcations they are called dichotomous, if 
unequally by lateral ramules, which may branch again, usually separated by one or more 
brachials,—heterotomous. Both arms and ramules may be fringed with still smaller appen- 
dages called pinnules given off at alternate sides from every successive brachial, or sometimes 
from both sides of each; the component ossicles of the pinnules are called pinnulars. Neither 
simple nor biserial arms, nor pinnules, are known in the Flexibilia. 

Crown. The crinoid minus the column. 

Calyx. The crinoid minus the column and free arms. 

Dorsal cup. All parts of the calyx below the origin of the free arms. 

Tegmen. That part of the calyx lying above the origin of the free arms, being the 
integument covering the viscera ; it embraces the disk-ambulacra, the mouth, and usually the 
anus; and it is synonymous with the terms disk, ventral disk, vault, dome, summit. 

Base. That part of the dorsal cup lying next to the column. It may be composed of one 
ring of plates (monocyclic), or of two rings (dicyclic), which are distinguished as infrabasals 
(IBB), and basals (BB). The infrabasals, when present, form the proximal ring, and are 
radially disposed. The basals adjoin the radials and alternate with them, being interradial in 
position. By the law of Wachsmuth and Springer,” the elements of the crinoid skeleton from 
radials down to cirri successively alternate with each other in position; so that in descending 
order from the radially situated infrabasals in a dicyclic crinoid the pentameres of the stem 


1 Clark, A. H., Bull. 82, U. S. National Museum, pp. 59-108. 
*, North American Crinoidea Camerata, 1897, p. 60; Bather in Lankester, Zoology, pt. 3, 1900, p. 106. 
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when longitudinally divided are interradial, and the vertical sutures and cirri radial; the outer 
angles of the stem, when pentagonal, are usually interradial; the sides of the stem and the 
outer angles of the lumen for the axial canal radial—the last three cases being subject to 
exceptions due to secondary growth. In a monocyclic crinoid these positions are reversed. 
By attention to these relations it is possible from the position of the cirri, and frequently from 
that of the angles of the stem or axial canal, to determine whether a specimen is dicyclic or not, 
though the infrabasals cannot be seen. There are no angular stems among the Flexibilia ; and 
all of them are dicyclic. 

Radials (RR). The circlet formed by the first plate in each of the rays, or, the radially 
situated circlet of plates above the basals, and this ring only. In some of the earlier crinoids 
one or more of the radials appear as if transversely bisected, the lower segment of the com- 
pound plate being called the inferradial, and the upper segment the superradial. A ray, or 
radius, is the radial plus all the structures which it bears; an interray, or interradius, means 
all structures between the rays; these terms are usually employed for structures considered 
from the dorsal side, but properly speaking they include both dorsal and ventral structures. 

Brachials (Br). All plates beyond the radials in radial succession to the ends of the 
arms. They are called fixed brachials in so far as they take part in the calyx; free brachials, 
or arm-plates, when they do not. The brachials forming the first circlet above the radials, 
whether fixed or free (formerly “costals”), are called primibrachs (IBr); those of the 
second order (formerly “ distichals”), secundibrachs (IIBr); those of the third order 
(formerly “ palmars ”), tertibrachs (IIIBr) : and so on for the succeeding orders of brachials 
to which formerly the name “ post-palmars ” was applied. A particular brachial in any series 
is denoted by placing a small Arabic numeral after the symbol—IBr,, IVBr,. The axillary 
brachials may be designated IAx, ITAx, etc. 

Ambulacrals (Amb). The rows of small plates enclosing the food-groove in the tegmen 
and arms. They consist of adambulacrals or side-pieces, and covering-plates; the former 
when present constitute the outer, the latter the inner, rows of plates. The covering plates 
form a roof over the food grooves ; they are generally represented by two alternating rows of 
small plates, more or less regular in their arrangement, which are movable upon the arms and 
pinnules, but upon the disk only in those crinoids in which the mouth is exposed. 

Interradials (iR). All plates occupying the spaces between the rays proper, whether 
they belong to the dorsal cup or to the tegmen. Interbrachials (iBr). Interradials in the 
dorsal cup which are interposed between the brachials of the several orders. Plates between 
brachials of the second and higher orders are intersecundibrachs, etc. (ilIBr, etc.) ; those of 
the tegmen which lie between the ambulacra are interambulacrals (1Amb). The term “ inter- 
radials ” includes all interbrachials, but the term “interbrachials’’ does not include those 
interradials which lie within the radial circlet; the latter plates, however, are not normally 
represented in the Flexibilia, so that so far as this group is concerned the two terms are 
synonymous. 

Radianal (RA). A plate disturbing the bilateral symmetry of the cup, located primi- 
tively directly below the right posterior radial (being an inferradial restricted to the right 
posterior ray), and in later genera obliquely to the left of it, either at the lower or the uppér 
corner. 

Anals. Interradials of the posterior side, forming the base of the anal structures. The 
Special or first anal plate (now usually designated 1) when present usually rests upon the 
truncated upper face of the posterior basal and between the radials. Higher anal plates may 
be present, even when the special anal plate is wanting ; they are interposed between the inter- 
radials, following the median line of the posterior area, and may extend upward along the 
tegmen where they form the backing or support for.a conical tube. The first plate of the 
tube may in some cases represent the radianal. 
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Anus (As). The excretory orifice of the rectum, intestine, or hind gut. ° It is interradial 
in position ; its opening may be central, excentric, marginal, or lateral; placed at the distal end 
of a central or sub-central tube, directly through the disk, or through the dorsal cup at the 
angle between basal and radials; it is located at all intermediate positions between these 
extremes, according to growth of the gut. The anal tube is subject to singular modifications 
in size and shape, from a small conical protuberance to a large club- or balloon-shaped appen- 
dage, often far exceeding the calyx in size. The latter is a marked feature of certain Fistulate 
crinoids, in which the anal opening often appears at the anterior side, and may be located at 
the base of the tube, midway toward its summit, or at the end of a lateral spout.t These facts 
have given rise to the impression that the appendage in such forms may have had other than 
anal functions, and it has therefore been called the ventral sac, as distinguished from a mere 
tube. Later investigation shows that this supposition is unnecessary, as all forms of tube in 
which the anus is not at the distal end may be explained by the recurving of the gut toward 
the anterior side, redoubling upon itself more or less completely, so that the opening may 
emerge from the wall of the tube at any point between the distal end and the base. 

Orals (OQ). The five large interradially situated plates which surround or cover the 
mouth. They are said to be symmetrical when of nearly the same size and form; asymmetrical 
when the posterior plate is pushed in between, or is larger than, the other four. In some 
forms permanently, and in some temporarily, they occupy the entire ventral surface of the 
calyx ; in others only a comparatively small space in the middle of the tegmen; or they may be 
completely resorbed in the mature individual. Some or all of the orals may be perforated, 
serving the purpose of a madreporite. 

Perisome. ‘The pliant integument, whether naked skin or studded with undifferentiated 
plates or spicules, which covers the ventral side of the calyx in the Flexibilia and in the 
Mesozoic and Recent crinoids, surrounding the mouth, supporting the food-grooves, and 
extending for varying distances down between the rays and their divisions. Morphologically 
the perisomic plates include the interradials and interambulacral plates, and in its plated con- 
dition the perisome is regarded as the morphologic equivalent of the solid vault of the 
Camerata. In some forms of the Inadunata classed as the Fistulata, the perisome of the 
posterior interradius of the disk is extended upward into a large sac lodging the enlarged gut 
recurved and redoubled upon itself. 

The mouth occupies the center of radiation, and is either tegminal or subtegminal. If 
tegminal, or exposed, as in the Flexibilia and Articulata, the opening is surrounded by the 
orals and ends of the ambulacra, or when orals are absent by interambulacral plates which 
form a lip around it. If subtegminal, it is completely closed, as in the Camerata and Inadu- 
nata, by orals, fixed ambulacrals, or interambulacral plates, which form a roof over it. The 
ambulacra radiate from the mouth or oral center to the ends of the rays, following the ventral 
furrows of arms and pinnules. When subtegminal, they enter the calyx through the arm 
openings at the upper edge of the dorsal cup; when tegminal, they follow the surface of the 
disk. They contain the food-grooves, ambulacral and ovarian vessels, and the axial canal. 
The food-groove forms the upper passage, and beneath it in order lie the subtentacular canal, 
the genital canal, and the axial canal. The arial canal contains the axial nerve cords which 
communicate with the chambered organ at the dorso-central basin of the calyx, from which 
they also pass downward into the stem. In most of the Paleozoic crinoids permanently, and 
in the Antedon larva temporarily, the axial canals of the calyx are mere grooves at the bottom 
of the ventral furrow; but in the adult Recent crinoids, and in a few Paleozoic forms, they 
are separated from the furrow by a limestone partition, producing what is called a dorsal 
canal. ; 


*See North American Crinoidea Camerata, various figures on Plate VII. 
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The mode of union between the plates of a crinoid is either by suture, or articulation. 
The first may be by close suture, loose suture, or anchylosis or fusion. A close suture is an 
immovable union in which the apposed surfaces are flat, and may be smooth or striated, and 
the plates are united by short fibres of amorphous tissue: e. g., between the calyx plates of the 
Camerata. Ina loose suture the faces are more or less concave or excavated, lodging bundles 
of ligament, with contact areas of smooth facets or of interlocking crenulations, thus allowing 
a certain amount of motion between the plates: e. g., between the calyx plates of the Flexibilia, 
and to a lesser degree between the stem ossicles of most Paleozoic crinoids. 

Anchylosis is a modified close suture in which the lines of union have been obliterated by 
subsequent deposit of stereom, or fused. Syzygy is a special kind of close union usually by 
flat striated faces, sometimes called a non-muscular articulation, found only in arms and stem 
interposed between two of the ordinary joints and by which two ossicles are rigidly united 
into one compound ossicle. 

Articulation is a movable connection between plates of the radial series and between 
columnals of some crinoids. It may be: (1) Upon undifferentiated joint-faces, by concavo- 
convex surfaces, usually without transverse ridge: Cyathocrinidae, and senile condition in 
some Recent crinoids. (2) With fossae, paired muscles and ligaments, but mostly without 
transverse ridge: Flexibilia, with slight exceptions. (3) Complete muscular articulation, 
with highly developed facets, fossae, transverse ridge, and paired muscles and ligaments: 
Poteriocrinidae sensu Wachsmuth and Springer; Mesozoic and Recent crinoids with a few 
exceptions ; and in the flexible free arms of the crinoids generally. For details of other articu- 
lations more especially applicable to the Recent crinoids, see Clark, Monograph of the Exist- 
ing Crinoids, p. 66. 

The orientation is based upon the natural position of the crinoid, with the arms upper- 
most, and viewing the specimen from the anal side. The anal interradius will then be pos- 
terior, the radius opposite to it anterior, while the right and left sides will correspond with the 
right and left of the observer. In illustrations the dorsal view is drawn with the anal 
interradius up, and the ventral view with the anal side down. Right and left remain the same 
in both cases. Next to the anterior ray are the right and left anterior or antero-lateral rays, 
or more conveniently called lateral rays ; and adjoining the anal interradius the right and left 
posterior rays. Corresponding appellations are applied to the interradial spaces, which con- 
sist of the two anterior, the two postero-lateral, or simply lateral, and the posterior or anal 
interradius. 

Dorsal. The surface opposite to that which includes the mouth and ambulacra: aboral. 
Under normal conditions it is the lower external surface of the crown, as opposed to the sur- 
face next to the viscera. 

Ventral. The surface upon which is situated the mouth and ambulacra: adoral. Upper- 
most under normal conditions, and when speaking of plates the surface or direction toward 
the viscera. 

Proximal and distal are reckoned from the plane separating stem from crown, so that the 
infrabasals and the top columnal are the proximal elements of crown and stem, respectively. 
In the crown, the outer surface of a plate is the dorsal side, the lower edge the proximal face, 
its upper edge the distal face, and the faces at the sides are the lateral faces. In the stem, the 
upper face is the proximal, and the lower the distal. Proximale, a term applied to the upper- 
most columnal. 
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As already stated, knowledge of the crinoids included in the group Flexi- 
bilia is of much later date than that of the other major divisions. The first 
illustration in the literature of a specimen belonging to this group is a figure 
of Ichthyocrinus pyriformts published by Ellis * in 1762, without name, in con- 
nection with an account of a Recent stalked crinoid from Barbados; this was 
afterward refigured by Parkinson * in 1808 under the name of the “ Fig Pen- 
tacrinite.”” The next was that of a specimen of Amphicrinus scoticus figured 
by David Ure®* in 1793, under the name of Encrinus. The first species to be 
named was J. S. Miller’s Cyathocrinus tuberculatus described in 1821. When 
in 1841 Johannes Muller wrote upon the structure of the Crinoidea, not a single 
genus belonging to this group had been proposed, and not until 1877 was the 
type upon which it was founded recognized as of more than family importance. 
This slow progress of investigation in a group which is now represented by 31 
genera was primarily due to the rarity of their occurrence. Of the first genus, 
Taxocrinus, founded by Phillips in 1843, probably not half a dozen specimens 
were known in England. De Koninck and Le Hon’s type and only European 
spécies of Forbesiocrinus, from the Belgian Carboniferous, was only known by 
their two original specimens from 1854 until I obtained the new material 
figured in this work. Three species belonging to this group were quite abun- 
dant at the celebrated locality of Crawfordsville, Indiana, and have been dis- 
tributed among the museums of the world in later years; but aside from these 
the Flexibilia have been, and are to this day, among the rarest fossils in the 
rocks. Some localities with an abundant crinoidal fauna have not produced 
a single specimen belonging to this group. 

This paucity of remains is not due to any special fragility of construction ; 
on the contrary these fossils are for the most part well adapted to preservation. 
As the name indicates, the group is characterized by a certain flexibility of the 
calyx due to the presence of loose sutures with elastic ligament between the 
plates, admitting of considerable mobility. At the same time the plates are 
usually very thick, their depth frequently exceeding their length or width, so 
that the apposed faces are relatively large, and the plates are fitted together 
like bricks in a pavement. . Consequently in the process of fossilization the 
calyx was not easily broken by pressure, but tended to remain intact when 
enveloped by the mud of the sea bottom, although yielding to some extent, and 
therefore in many cases found flattened in the rocks. In some genera, how- 
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1 Philosophical Transactions, Roy. Soc. London, vol. 52, Pt. I, p. 357, pl. 13, Fig. B. 
* Organic Remains of a Former World, vol. 2, pp. 258, 270, 274, pl. 19, fig. 2. 
* The History of Rutherglen and East-Kilbride, pl. 18, figs. 13, 16. 
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ever, such as /chthyocrinus, Forbesiocrinus, and Parichthyocrinus, the walls 
are so thick that the fossils are often perfectly rotund. This feature of ex- 
treme thickness of the plates may be seen in various figures on Plates XXI, 
LOUIE SOX OO OOD Ville EXE Me know. of noyimstancelont ea 
Flexible crinoid with thin calyx walls, except rarely at the very lowest part 
in some forms of Jchthyocrinus (Pl. XXXVI, fig. 6c). 

Another fact conducing to preservation was the tendency in the species 
of many genera to close infolding of the arms at death, so that the entire crown 
was rounded like a ball. This was aided by a peculiarity in structure which 
extends throughout the entire group, and forms one of its most distinctive 
characters, viz., that the arms, instead of being free and completely differen- 
tiated from the calyx, as in the Inadunata and most of the Camerata, either 
lie in close contact, or for a part of their length are connected by plates or 
perisome, or form a direct continuation of the radial series of the calyx, so 
that there is no distinct line of demarkation between them. This mode of con- 
struction gives to these forms a peculiar habitus which is in marked contrast 
with those of the other two orders, and by which the specimens can as a rule 
be readily recognized from small fragments; and from the strong predomi- 
nance of this character it also results that distinctions between the subordinate 
divisions of the group are not so sharply marked as are most of them in those 
orders. 

Neither is the rarity of these fossils due to restricted distribution. They 
occur in most of the crinoid-producing regions of America, Britain, and con- 
tinental Europe, from Spain to Sweden and Russia. And they range from the 
Lower Ordovician to the Lower Coal Measures (Pennsylvanian) ; though what 
became of them in certain horizons and, localities otherwise prolific in crinoids 
is a mystery. In the Upper Ordovician of the Cincinnati area, and in the 
Onondaga and Hamilton of the Louisville area, both of which have yielded 
great numbers of other crinoids, not a vestige of any species of the Flexibilia 
has ever been seen, although in the Hamilton of other localities they are not 
unknown. 

Withal, the Flexibilia form a good zoological group, well balanced and 
differentiated from others, containing within itself subordinate modifications 
due to morphological changes of fully as great importance as those found in 
other orders, and in some respects parallel to them. 

In the Monograph of the North American Crinoidea Camerata by 
Wachsmuth and Springer, 1897, pp. 38 et seq., it was shown that the elements 
of the crinoid skeleton fall into two groups, viz., primary plates, and secondary 
or supplementary plates—the former being those first developed in the larva, 
represented in every group of the class, and undergoing few modifications in 
geological time, the latter being interposed between the primary plates and 
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helping to increase the capacity of the visceral cavity; that the latter appear in 
the growing crinoid, but are unrepresented in some of the groups; that they are 
subject to great modification, and therefore have a high taxonomic value. The 
primary plates were subdivided into two classes; plates of the abactinal, and of 
the actinal systems; the former including all plates connected with the cham- 
bered organ and axial cords, the latter those connected with the mouth and 
food canals; the former being represented by the columnals, infrabasals, basals, 
radials, and plates forming the dorsal parts of arms and pinnules, the latter by 
the crals and ambulacral plates of tegmen and arms. All the others were 
shown to be supplementary pieces, being the interradial or interbrachial, and 
the interambulacral systems. A general morphological discussion of these ele- 
ments followed, applicable to the crinoids of all groups, which has since been 
supplemented by the great work of Bather in the Lankester Zoology; and by 
these the whole subject has been thoroughly covered, so that there is no need 
for me to enter upon it here. But I shall follow substantially the same order 
as in the Camerata in describing the skeleton of the Flexibilia. 

The dominant general character of the group Flexibilia is the distinctive 
facies due to its strong, well-united, and flexible calyx passing almost insensi- 
bly into the arms. As Bather has well expressed it,’ “it is the combination of 
massiveness with flexibility that characterizes the Grade.” These features are 
produced, the first by the thickness of the plates, and the second by their mode 
of union with each other. This union is by muscular articulation between 
plates of the radial series, while between these and the supplementary plates, 
and the latter among themselves, it is of the type of loose suture; both are char- 
acterized by fossae for the lodgment of ligament bundles, and contact areas of 
crenulated surfaces. Upon the relative predominance of these elements de- 
pends the greater or less looseness of the union and consequent flexibility of 
the calyx. In this there is much variation, from that of forms like Forbesi- 
ocrinus nobilis with extremely large and deep ligament fossae and narrow bands 
of contact surface (Pl. XXIV), to that of F. saffordi with shallow and re- 
stricted ligament fossae and numerous small contact areas (Pl. XXXI). In 
some forms with globose calyx and strongly differentiated arms, like Nipter- 
ocrinus (Pl. XV), it is probable that the union among the calyx plates was 
nearly that of close suture; these are in some respects transition forms toward 
the Inadunata. Added to the foregoing general characters is that of the arcu- 
ate or wavy sutures between plates of the brachial series, to be described pres- 
ently, which imparts a highly characteristic appearance to the specimens. 

In size of the specimens there is considerable diversity, the genera of the 
globose type such as Lecanocrinus being in general rather small, some not 


1Lankester’s Zoology, pt. 3, 1900, p. 187. 
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exceeding 5 mm. in diameter of the calyx, while others with a more elongate 
habitus like Forbesiocrinus attain a width of 8 cm. 

As to surface characters, there is but little variety within the group. With 
the exception of low radiating ridges on the calyx plates of Pycnosaccus and 
one species of Lecanocrinus, or following the median line of the ray in some 
Ichthyocrinus, and of some ornamentation on the arms of a few species, the 
surface is everywhere either (1) finely pustulose, composed of distinct pustules 
or small nodes formed by actual elevations, sometimes coalescing into more or 
less distinct lines or wrinkles; or (2) smooth or finely granular, in the latter 
case consisting of granulations formed by the network of stereom, which should 
be called smooth. 

A. THE PRIMARY PLATES 
I. ABACTINAL SYSTEM 
a. The Column 

The column of the Flexibilia is always circular. Pentagonal, elliptic, or 
square stems, such as occur in the other orders, are unknown in this. The most 
marked characteristic is a series of very short and broad columnals, occurring 
at the proximal end, and diminishing in diameter while slightly increasing in 
length for a short distance, until the stem becomes cylindrical. There is thus 
produced a conical enlargement of the stem next to the calyx which is a con- 
spicuous feature in many of the genera; it usually changes over gradually into 
the cylindrical portion, but in one case the enlargement contracts abruptly. 
This series of almost uniformly short discoid plates represents a diminishing 
series of successive proximales, without any intercalation of other ossicles. 
Rarely this process continues throughout the entire column (PI. XIII, fig. 
T1@) ; sometimes without any taper (Pl. XV, fig. 5). Frequently the columnals 
increase in length distally until there is a complete reversal in proportions; in 
other cases the stem maintains an almost uniform diameter and length of 
columnals until it ends in branching roots formed by radicular cirri 
(Pl. LXX1), with nodal ossicles irregularly distributed. The proximal enlarge- 
ment is most prevalent in the Carboniferous genera, although found in the 
Silurian, and in the very earliest species of the group in the Lower Ordovician. 
In the majority of Silurian genera it is wanting, the stem being cylindrical 
throughout and largely composed of alternating long and short ossicles, which 
often alternate in diameter also; the contrast in relative length in some cases is 
very great (Pl. XI, fig. 15a), extending to practical elimination of the short 
ossicles (Pl. VIII, fig. 5a) ; in some there is no alternation (Pl. XV, fig. 5); 
and in one species of Mespilocrinus the columnals become greatly elongated 
and barrel- or spindle-shaped (PI. V, fig. 5). 

There is much diversity in length; in some genera, such as Calpiocrinus, 
the stem is very short and thick, being with its expanded root not longer than 
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the crown (Pl. VII, fig. 1b); these were probably littoral or circumlittoral 
species living in shallow water where they were exposed to currents. The 
longest stem occurs in Onychocrinus, attaining in O. ramulosus a length of 
36 inches, ending in a point with lateral root branches. This was probably the 
prevailing mode of attachment to the sea bottom; but there are a few cases 
in which the stem ends in a flat or encrusting plate for attachment to other 
objects, as in Calpiocrinus above cited, and in at least one species of Taxocrinus 
(Pl. L, fig. 1); these are sporadic appearances of a character which becomes 
general in the Mesozoic Apiocrinidae. 

Cirri are rarely observed, and were probably absent in most of the genera, 
as in the Apiocrinidae; when present, they are usually in the form of radicular 
branches toward the distal end (Pl. LX XI). Regular lateral cirri, extending 
for the full length of the stem, as in some Camerata and Inadunata and in 
many Recent stalked crinoids, are unknown, and probably did not exist in this 
group. Inthe few instances where cirri have been observed along the stem for 
some distance from the bottom, they are rather far apart, and their distribution 
irregular; they usually occur in broken whorls, one or more of the potential 
five being missing. Those which are present maintain their proper relation to 
the primary nerve cords, thus falling into five interrupted longitudinal rows. 
They are given off horizontally, and the sockets are confined to the nodal 
columnals as in Zsocrinus asteria and I. wyville-thomsoni. The radicular cirri, 
which are usually much larger, are also given off from single ossicles, but 
stand at an oblique angle with the stem, resting in deep, funnel-shaped sockets, 
which involve three or four other ossicles (Pl. LXXV, figs. 15a, b). 

The axial canal and lumen of the stem will be considered under the next 
head. 

Distalwards the columnals undergo a variety of modifications in different 
genera. In some they remain smooth and even, without alternation (Niptero- 
crinus) ; in some they alternate irregularly between long and short (Lecano- 
crinus), and in others rather regularly (Calpiocrinus) ; in some they change 
from alternating to uniform (Pycnosaccus); and in some they are strongly 
convex like a string of beads (Hormocrinus) ; in one rare species there is an 
almost uniform taper from the calyx to the distal end, with very short and 
decreasingly wide ossicles in the upper half and changing in proportion from 
six times wider than long proximally to four times longer than wide distally 
(Pl. XIII, fig. 11@) ; again the stem may enlarge in the median part and then 
taper off toward the distal end (PI. LI, fig. 4). As in the Recent crinoids, 
the stem ossicles are proportionally much the longest in young specimens 
CPG ILNAL, 10 1), : 

The differences noted are not always constant for the genus. Complete 
stems are rather rarely found, so we do not know as much about them as is 
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desirable; the characters are not, in practice, of much service in the differen- 
‘tiation of groups, the stem in this order, as in the Paleozoic crinoids generally, 
not having attained that fixity of structure which renders it an element of such 
great importance in the Recent crinoids. Occasionally, however, a stem char- 
acter is remarkably constant for a species; for example in Taxocrinus colletti 
from Crawfordsville, Indiana, the most abundant species of a Flexible crinoid 
known, where the enlargement next to the calyx, instead of tapering gradually 
downward until it merges into the cylindrical stem, is invariably short and 
thick, ending abruptly with a rounded offset (Pls. LVI and LVI). 

There is no reason for thinking that the mode of growth of the stem in the 
Flexibilia is essentially different from that in the other permanently stalked 
crinoids, viz., by means of new ossicles introduced next to the calyx, or inter- 
polated between older ossicles within a short distance down. Upon this point — 
the view of Wachsmuth and Springer expressed in the North American 
Crinoidea Camerata, pp. 39, 40, viz., that in this group the topmost columnal 
was persistently fused with the infrabasals so that the column increased by the 
interpolation of new ossicles below it, is in my opinion more theoretical than 
practical. That such a fusion often occurred in adult specimens in which stem 
growth was completed is doubtless true, as is indicated by specimens like those 
of figure 2a, Plate XX VI, and figure 9, Plate LX XIV. But those occurrences, 
where the infrabasals became detached from the rest of the calyx and adhered 
to the stem, are rather to be explained by the nature of the union between the 
. plates: (1) that between infrabasals and the succeeding basals being by loose 
suture, with large and deep ligament fossae and small contact areas (Pl. XXIV, 
figs. 1a, b); while (2) that between infrabasals and stem was by plane sur- 
faces with very fine radiating striae, 7. e., syzygy—a closer union than that of 
the stem ossicles with one another. The second connection was therefore 
stronger than the first, and with decomposition the infrabasals would separate 
from the basals rather than from the stem. The proximal ossicles in most of 
the Flexibilia were exceedingly thin, sometimes translucent in the fossil 
(PI. XXX, fig. 5a), and their often persistent attachment to the infrabasals can 
readily be accounted for by a close suture without need of invoking an actual 
fusion, although this also may have occurred in mature individuals. 

Such attachments are frequently found in Forbesiocrinus and Onycho- 
crinus ; but in many other genera nothing of the kind occurred, the stem sepa- 
rating from the calyx by a perfectly smooth surface (not of fracture). This 
was probably the case in most of the Silurian genera, in which the stem in- 
creased by alternating long and short columnals without proximal enlargement ; 
and it is notably so in the Carboniferous genus Amphicrinus, in which every 
one of over 20 specimens has the topmost stem ossicle clearly separated from 
the calyx. It was probably the case also in the entire family Ichthyocrinidae, 
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where the infrabasal circlet is much smaller in area than the proximal columnal, 
and takes the form of a plug at the center of the basals, in which the plates’ 
stand at a different angle from the stem ossicles (text-fig. 11). 

It now seems clear that the idea of fusion between infrabasals and top 
columnal so as to prevent the interpolation of new segments must be limited to 
those crinoids in which the stem is only a temporary structure, and the infra- 
basals disappear at an early stage by absorption into the proximale which takes 
the place of a stem, or in which the infrabasals are so enveloped by the 
proximale as to lose their identity completely. Therefore it only applies to the 
comatulids and some Mesozoic crinoids, and not to the Flexibilia as now re- 
stricted. W. B. Carpenter’s luminous description * of the development of the 
stem in the larval Antedon rosaceus, in which he shows that while the original 
segments are advancing toward completion “new segments are being devel- 
oped . . . . between the highest of these and the base of the calyx,” took no 
account of the infrabasals, whose existence in the comatulids was at that time 
unknown. In the closely related species in which these plates were first dis- 
covered they are fused with the top columnal at a very early period in stem 
growth; while in Promachocrinus, in which they are better developed than in 
any other known comatulid, they are fused with the upper ossicle in the pre- 
brachial stage, and disappear from view externally long before the stem is 
completed and cast off. 

Mr. Austin H. Clark has given much attention to the study of the column, 
which he finds in the Mesozoic and later crinoids to present the most reliable 
characters for broad systematic differentiation, in contrast to the Paleozoic 
forms in which the variations in calyx structure far outweigh the characters 
offered by the column. In his Monograph of the Existing Crinoids,’ referring 
to the proximale in Recent and Mesozoic crinoids, and having explained that 
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proximales, or columnals homologous to proximales, are always attached to the 
columnals just below them by a close suture called the stem-syzygy, and that 
the nodals throughout the stems in which they occur, with their syzygially 
united infranodals, are reduplications of the proximale, he states on p. 213: 


The formation of the proximale, closely attached to the dorsal surface of the calyx and 
fused with the infrabasals, prevents the formation of new columnals above it, and marks the 
maturity or end of growth of the stem. But the columnal formation may continue by inter- 
calation between the columnals immediately below the stem syzygy, or excessive vegetative 
power may shove the proximale outward before it fuses with the calyx. In the adult penta- 
crinites new proximales are continually forming beneath the calyx, where every new columnal 
formed is a proximale, only to be pushed outward by younger ones. Later these become 
separated by intercalated segments, each of them becoming united by syzygy to the inter- 
calated segment immediately below it. 


* Philosophical Transactions, Roy. Soc., London, 1866, sec. 63, p. 730. 
* Bull. 82, U. S. National Museum, 1015, p. 212 et seq. 
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As to the occurrence of the proximale generally he says on p. 212: 


All Recent and Mesozoic crinoids possess a proximale or strictly homologous structure, 
typically single and attached permanently to the calyx, as in Millericrinus, Bourgueticrinus, 
Phrynocrinus, Thiolliericrinus, and the comatulids; but sometimes multiple, occurring all 
together just under the calyx, as in Apiocrinus; or at regular intervals throughout the column, 
as in the pentacrinites; or at frequent intervals in the proximal portion of the column and 
becoming less common distally, as in Protsocrinus, Rhizocrinus, Bathycrinus, Monachocrinus, 
and Democrinus. 

The second of these types of column, viz., with multiple proximales just 
under the calyx, is comparable to that of those Flexibilia having a proximal 
enlargement; while the stems of the remainder might fall substantially under 
the fourth type—the nodal columnals being for the most part irregularly dis- 
tributed. Every modern type of stem may be found in some Paleozoic crinoid, 
but in none of the ancient groups had the stem characters become fixed and 
correlated with other characters as in the later crinoids. 

Absence of a stem, and substitution therefor of a direct attachment by 
the base as in some species of Edriocrinus or the remarkably similar Recent 
Holopus, or of a free floating existence as in the Inadunate genus Agassizo- 
crinus or the adult comatulids, is not known among the Flexibilia. 


b. Infrabasals and Basals 


All Flexibilia have a dicyclic base, with three unequal infrabasals, which 
exceptionally disappear by atrophy, are fused into a solid plate in Niptero- 
crinus, or appear as the primitive five in one species of Mespilocrinus. In this 
character they are in contrast to the dicyclic Camerata and Inadunata, which 
have five equal infrabasals, with exceptions in the latter. The small infra- 
basal is radially situated, as the primitive segments of the other two would be 
if they were bisected; but it would seem that the coalescence (if that is what 
happened) of the two pairs, or the non-division of the two larger plates (if that 
was the primitive condition as in some comatulids) was attended by conse- 
quences which mark a rather wide difference between dicyclic crinoids with 
five equal infrabasals and those with three unequal ones. Normally, as pointed 
out by Wachsmuth and Springer (N. A. Crinoidea Camerata, pp. 58, 153), the 
small infrabasal is in the right posterior position; but to this exceptions are 
found in some species of Forbesiocrinus where this plate lies at the anterior 
(Pl. XXX, figs. 5b, 7a), or the left posterior (ilid., fig. 10), and rarely in one 
or two other genera. 

In the Lecanocrinidae the infrabasals are usually prominent and erect, 
forming a part of the calyx wall at the exterior. In the Ichthyocrinidae, how- 
ever, they are buried under the column, lie almost flat, and take no part in the 
formation of the exterior wall. Being thus without the function of calyx 
plates, they exhibit in this family a marked tendency to atrophy. In two species 
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of Ichthyocrinus they are found completely resorbed (Pls. XXXV, figs. 4b, 5; 
XXXVI, figs. 3a, 0). In Plate XXXV, figure 5, it will be observed that the 
lumen of the axial canal, instead of being radial as usual in the genus, has with 
the disappearance of the infrabasals become interradial in position. The same 
thing occurs in Cleistocrinus, where in one specimen the resorption involves 
part of the basals also (Pl. XXXVIII, fig. 2b). In the two Carboniferous 
species of Ewryocrinus the infrabasals are partly or wholly resorbed (PI. XL, 
figs. 4a, 7b), while in the Devonian representative of the genus they are intact 
(Pl. XL, fig. td). In Amphicrinus, the latest survivor of the Flexibilia, the 
infrabasals are often partly, and in some cases entirely, resorbed; and here we 
have the converse of the occurrence in /chthyocrinus, for while the axial canal 
in the genus normally has its angles interradial, in three specimens where the 
infrabasals have completely disappeared the lumen has become radial (Pl. XL, 
fig. 9b). Thus in these cases there seems to be a change from a dicyclic to 
monocyclic base within the same species, accompanied by a corresponding 
change in the orientation of the axial canal. It is noticeable that in these cases 
of resorbed infrabasals there is usually an open space in the position they would 
have occupied larger than is required for the stem lumen. A similar fact is 
seen in the Recent Endoxocrinus parrae, which in contrast to other closely re- 
lated forms of the Pentacrinidae has no infrabasals. 

An extraordinary modification of infrabasals in the opposite direction 
from that of the Ichthyocrinidae is found in the Silurian genera Homalocrinus 
and Calpiocrinus, in which these plates are enormously enlarged, so that they 
envelop, and in some cases completely conceal, the basals and even the radials 
(Pls. VI, figs. 1c, 2b; VIII, figs. 3, 7b, c). This is a condition which does not 
exist in any other crinoid. I first called attention to it in 1906,’ before which 
date the structure of these two genera had been wholly misunderstood; and the 
full details will be found later on in the appropriate generic discussion. 

The nervous system of the crinoids is centered in the chambered organ, 
which in some of the Flexibilia was lodged in a peculiar funnel-shaped cup on 
the inner floor of the infrabasals, presently to be described. That the seat of 
vitality was located at this place is proved by a case of recuperation in a speci- 
men of Taxocrinus, where the calyx had been broken away in life leaving only 
the infrabasals and one basal, from which a new crown was produced with six 
rays (Pl. LVI, figs. 11a, b, c). In genera like /chthyocrinus of which the in- 
frabasals, having lost their original function, were too small to accommodate 
such a funnel, it moved up to the basals (text-fig. 1a). A similar structure is 
found, variously modified, in specimens belonging to the orders Camerata and 
Inadunata, both monocyclic and dicyclic. 


* Journal of Geology, vol. 14, p. 480. 
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Although the stem in the Flexibilia is always circular exteriorly, the lumen 
of the axial canal is pentagonal, or quinquelobate, so far as observed; in some 
genera it is very small and possibly round, but in many of the most prominent 
forms it is of good size. The base being dicyclic, the angles of the lumen, if 
they represent the orientation of the axial organ and its downward extensions, 
should in accordance with the law of Wachsmuth and Springer * be radial in 
position; and in some genera, such as /chthyocrinus, Lecanocrinus, Homalo- 
crinus, Calpiocrinus, and Pycnosaccus, they seem to be so. But in other genera 
they are either distinctly interradial, or while not quite regular are more inter- 
radial than radial. Observations on this point, however, are usually limited to 
the aspect of the canal where it enters the base, being exposed by the detach- 
ment of the stem at that level. Here the orientation is complicated by the fact 
that there are only three infrabasals, which are unequal. The canal in the stem 
of crinoids lodges the five axial nerve cords, which are downward prolonga- 
tions of the lobes of the chambered organ, with their nerve-fibrillar investment ; 
if the base be monocyclic, they pass directly from the basals into the stem, and 
are therefore interradial in position; if dicyclic, they enter the stem from the 
infrabasals, and are radial (see Bather in Lankester’s Zoology, pt. 3, 
pp. 103-104). 

This would be simple enough in crinoids with five infrabasals; and it might 
be supposed that the cords would branch from the basals to the infrabasals 
symmetrically even when there are only three, treating the two larger ones as 
representing primitive pairs. But in many of the Flexibilia, perhaps all, the 
lumen for the passage of these cords into the stem is connected with a very 
peculiar structure at the inner floor of the calyx where the lumen begins. Here 
the opening is surrounded by a thin raised rim which spreads into a lobate, 
funnel-shaped vessel, having broad, shallow channels leading down toward the 
stem ; the channels, or chambers, are separated by septa, and the funnel as thus 
divided undoubtedly lodged the chambered organ with its nerve-fibrillar 
envelope. In /chthyocrinus, where the infrabasals are generally reduced in 
size and sometimes entirely resorbed, they are too minute to lodge such a struc- 
ture; it is therefore formed at the edges of the five basals, and is five-lobed and 
subpentagonal in outline (Pl. XX XIII, fig. 9c, and text-fig. 1a). The very thin 
internal septa which bound the chambers of the funnel curve in their down- 
ward course sufficiently. to cause a partial revolution in position of the channels 
from interradial in the upper part to radial where they enter the stem. A more 
detailed account of this structure is given in the generic discussion under 
Ichthyocrinus. 
 URerietna of the Palaeocrinoidea, pt. 3, sec. 1, 1885, p. 7; N. A. Crinoidea Camerata, 1897, p. 59. At the 
time of these discussions neither Wachsmuth nor I were aware of the important paper by Beyrich “ Ueber 


die Basis der Crinoidea brachiata,’ Monatsber. Akad. Wiss. Berlin, Feb. 1871, p. 33, in which some of the 
facts upon which the law was based were lucidly stated. For that reason the proper credit was not given. 
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In Forbesiocrinus, with large infrabasals, the rim rises from their inner 
edges, and is triangular or trilobate in general outline, the apices resting medi- 
ally upon the plates and coinciding with them in relative position (Pl. XXX, 
figs. 5c, 6c, etc.). The internal cavity of the funnel is divided into five 
unequal channels continuous with those of the stem lumen; three large channels 
are opposite the infrabasal sutures; while the two small ones are median upon 
the large compound plates. With the three lobes of the funnel thus coinciding 
exteriorly with the three unequal infrabasals, we would naturally expect the 
same result as in /chthyocrinus to be attained by division of the channels upon 
the two larger lobes; but instead of that, by a most singular arrangement of 
the septa (further described in the generic discussion under Forbesiocrinus), 
five unequal interradial channels are produced which pass with that orientation 
down into the stem (text-fig. 2a). The same three-lobed funnel accompanied 
by interradial orientation of the stem lumen occurs in Taxocrinus and 
Onychocrinus. 

In Lecanocrinus and Pycnosaccus, where the infrabasals take a distinct 
part in the formation of the calyx wall, the tri-lobate funnel is also formed on 
their inner floor, divided by the septa into five unequal channels; but here, 
instead of the chambers as in Forbesiocrinus, it is the septa between the cham- 
bers which coincide with the infrabasal sutures (text-fig. 3); therefore the 
channels are radial in position, and pass into the stem with the same orienta- 
tion as in /chthyocrinus, but this orientation is attained by a different process. 

Thus there is an absence of uniformity in the orientation of the axial 
canal, partly due to the presence of unequal infrabasals. In some cases of the 
Forbesiocrinus type the lobes of the lumen appear doubtful in position, partly 
radial and partly interradial, owing to the great excess in size of the three 
larger ones. This irregularity is mostly corrected within a short distance down 
the stem, where the lobes of the lumen are usually decidedly interradial, as 
shown by figure 14 on Plate XXX. A somewhat similar variation in the posi- 
tion of the stem lumen is seen in monocyclic Camerata with three basals. In 
those it should be strictly interradial, but examination of a large number of 
specimens shows that the orientation departs rather frequently from a per- 
fectly regular position. It does not follow that the actual orientation of the 
nerve cords in the stem was subject to these irregularities. 

The primary axial nerve cords proceed from the cavities or lobes of the 
chambered organ which is lodged within the ring of basals in monocyclic, or of 
infrabasals in dicyclic, forms. These cavities are prolonged downward into 
the stem in five peripheral vessels which surround the central vascular axis. 
These enlarge at the nodal ossicles, and from the nodal enlargements the cirrus 
vessels pass out, following the line of junction of the pentameres of the stem. 
Thus the orientation of the cirri, and of the peripheral canals with which they 
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Fics. 1-5 


FUNNEL LODGING THE CHAMBERED ORGAN; STEM-LUMEN}; AND COURSE OF DORSAL NERVE CORDS. 


ta. Ichthyocrinus; IBB too minute to support funnel, which here rests upon basal ring; 
chambers coincide with IBB sutures and are therefore interradial in position; but in their 
downward passage the cords are revolved until they become radial in the stem. X10. 10, 
dorsal view of same, showing radial orientation of stem-lumen. X10. Ic, diagram showing 
course of nerve cords. 

2a. Forbesiocrinus saffordi; chambers coincide with IBB sutures, are interradial and 
pass into the stem in that position; small IB exceptionally at anterior. 5. 2b, diagram 
showing probable course of paired nerve cords—those of large IBB compressed into about the 
space of a single cord. 

3. Course of nerve cords in dicyclic calyx, drawn from Pycnosaccus. 

4. Course of nerve cords in monocyclic calyx with unequal basals as shown by external 
ridges, drawn from Stephanocrinus angulatus. : 

5. The same in monocyclic calyx with equal basals, drawn from Steganocrinus 
pentagonus. 
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connect, must necessarily be the same as that of the lobes of the chambered 
organ, the primary axial cords, and; the proximal plates of the base, namely, 
interradial in monocyclic and radial in dicyclic crinoids; and the orientation of 
the original pentameres of the stem must alternate with them. It would be 
expected that these peripheral vessels, whose branches follow the suture lines 
of the original pentameres, would lie at the corners of the central opening 
formed by the junction of the pentameres, and that this central canal when 
angular or petalous would have the same definite orientation as the cirri, and 
be uniformly radial in dicyclic forms. But in fact we find that this is not 
always the case with the central canal formed by the hard parts of the stem as 
we find it in Recent crinoids treated with potash, and in fossil forms. In most 
species of /socrinus and Metacrinus the canal, angular in the newer parts of 
the stem, is distinctly interradial, while the peripheral vessels are radial; and in 
the majority of the Flexibilia, so far as observed, the stem lumen as we see it is 
interradial. 

In studying the question in the Recent crinoids, it is found that while the 
peripheral vessels in the stem form a pentagon whose outer angles coincide 
with the cirri and the vertical sutures, they do not fill the space within the stem 
lumen or central opening within the calcareous walls of the stem, but are sur- 
rounded by a fibrillar envelope of perishable substance which is destroyed by 
potash dissection; the same thing would happen during fossilization. These 
peripheral canals are relatively minute, and do not occupy more than half of 
the central opening surrounded by the calcareous substance of the stem (see 
P. H. Carpenter, Stalked Crinoids, pl. 24, figs. 1-4). Hence they can have 
nothing to do with determining the shape or orientation of that opening. 
Therefore it must be said that owing to secondary growth, or for some un- 
known reason, the form and orientation of the stem lumen are independent of 
the peripheral canals, and may or may not coincide with them. And the lumen 
may also have a shape totally inconsistent with the existence of any definite 
connection between them, as for instance in Cupressocrinus, Schultzicrinus, 
Myrtillocrinus, Arachnocrinus, etc., in which the stem canal may be three or 
four sided. 

The foregoing facts confirm the view expressed by Bather in the Lankes- 
ter Zoology, pt. 3, p. 106, that with regard to the orientation of the stem canal 
the law of Wachsmuth and Springer is empyrical and subject to exceptions. 
With the facts now known it would seem to apply chiefly to those forms, 
whether monocyclic or dicyclic, in which the plates of the lowest ring are equal, 
and even in those there are some exceptions. In view of the exceptions and 
irregularities thus observed, and of the variable shape of the stem canal in dif- 
ferent genera and sometimes even within the same genus, as in Cupressocrinus, 
the orientation of the stem lumen may be regarded as a matter of minor impor- 
tance in the morphology of the crinoids. 
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Perforation of the radials or brachials for the passage of the axial nerve 
cords, such as is common in the Recent and many Mesozoic crinoids, and is 
found in some Inadunata, has not been observed in this group, except in some 
of the brachials of Forbesiocrinus and perhaps in Synerocrinus. Indication of 
such perforation in the former is well shown on Plate XXIV, figures 8-15, 
which seem to represent stages of its development from a ventral furrow. In 
those parts of the calyx below the brachials the course of the nerve cords can 
in many cases be distinctly traced externally by ridges representing folds in the 
plates which pass from one to another. Such folds are very plain in Pycnosac- 
cus, Hormocrinus, Lecanocrinus waukoma, Steganocrinus pentagonus, and in 
Stephanocrinus angulatus, but they have usually been considered as mere sur- 
face ornament. Bather* and Wilson®* have noted the occurrence of a ridge 
upon the anal series in certain Camerata as showing the presence of a nerve 
cord passing beneath it to control the tube. There seems no reason to doubt | 
that the position of the principal nerve branches supplying other parts of the 
crown is in some cases indicated by similar ridges upon the exterior of other 
plates. Such ridges occur in only a few genera of the Flexibilia, but their office 
as indices of the course of the nerve cords is very clear. That external evi- 
dence of the course of the nerve branches is not more generally afforded might 
be expected from the more diversified character of the nervous system in the 
ancient crinoids, whose highly specialized calyx is in marked contrast to the 
very simple and greatly reduced calyx of the modern forms. In some genera 
and species the ridges are broken up into bars, become spinose or nodose, or 
are reduplicated by systems of parallel ridges which obscure the primary ones. 
In many species the primary ridges are entirely absent, while in others they 
may be easily determined. 

In normal radial innervation in dicyclic crinoids the central nervous organ 
rests within the infrabasals and its lobes are radial in position. From each lobe 
two obliquely diverging nerve cords pass to the centers of the basals, where 
they unite and are connected by the horizontal cord known as the basal com- 
missure. From the center of the basals the nerves again diverge and pass to 
the radials, where after uniting in the radial commissure they continue on into 
the arms (text-fig. 3). In monocyclic crinoids radial innervation is even 
simpler; the nervous organ lies within the basal ring and its lobes are inter- 
radial in position. The two nerve cords from each lobe pass up into the radials, 
where they unite in the radial commissure and then go into the arms (text- 
fig. 5). Innervation of interradial structures in either form is probably effected 
by secondary branches from the radial trunks or from those arising on the 
basals. 


*In Lankester’s Zoology, pt. 3, 1900, p. I19. 
* Journal of Geology, vol. 24, 1916, p. 550. 
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The distribution of the primary nerve cords in the Flexibilia undergoes a 
significant modification in connection with the inequality of infrabasals, result- 
ing from the reduction of the primitive five plates to three. The primitive five 
being equal plates, it would be expected that the two fused pairs would each 
have an area of two-fifths of the pentagon. But instead of that, measurements 
of all the detached bases of Forbesiocrinus like those figured on Plate XXX 
disclose the fact that the two undivided sides of the pentagon formed by the 
larger (fused) plates are shorter than the other three sides which each include 
parts of two primitive plates. Fusion of the two pairs has therefore been 
accompanied by retardation of their growth, or a relative compression. This 
is found to be the rule not only in the infrabasal pentagons of the other Flexi- 
bilia, but also in most unequally tripartite bases of monocyclic forms. It is 
true of the blastoids, of Stephanocrinus, and of the Platycrinidae, as has been 
proved by actual measurement of over 200 specimens of Pentremutes, 50 of 
Stephanocrinus, and many bases of Platycrinus. Thus while the area of the 
combined pairs is relatively reduced, that of the single original plate is in- 
creased, so that this plate is usually found to be considerably more than one- 
fifth the area of the pentagon; in some cases the increase has been so great that 
the three infrabasals are not far from equal (Pls. LIII, fig. 2c; LXIII, fig. 4). 

Such a reduction in size of the fused plates would seem to be the direct 
consequence of anchylosis.* Upon lateral fusion of pairs of the original five 
infrabasals (or basals in a monocyclic crinoid) marginal growth of the com- 
pound plate ceases along the lost sutures; and as plate growth and growth of 
the body wall take place only along sutural areas, such growth in the middle of 
the compound plate is inhibited. Growth in the nerve chambers corresponding 
to the fused pairs is also partially restricted, so that the funnel enclosing the 
chambered organ assumes a triangular outline. At the same time the two 
nerve branches which pass on either side of the lost sutures must be similarly 
retarded in their growth, and cannot always separate as they do in freely 
growing areas. ‘Therefore, while the nerves proceeding upward from the 
chambered organ at those sides of the infrabasal pentagon which are composed 
of parts of two original plates are in pairs, those from the sides consisting of 
the fused plates are often apparently single as far as the basal commissure. 
The single nerve in the compound infrabasals, however, is really a double nerve 
with the halves closely apposed by means of the resulting compression, and is 
covered externally by a single ridge; this apposition of the two original nerve 
cords is subject to variation according to the greater or less degree of the com- 
pression, and, therefore, it may be found complete or incomplete in forms 
otherwise closely similar. 


1 Wilson, H. E., Evolution of Basal Plates, Jour. of Geology, vol. 24, 1916, p. 541. 
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The coalescence of the two primary nerve cords on emerging from the 
proximal ring seems to be a frequent occurrence wherever pairs of the prim1- 
tive five plates have been reduced to single plates by fusion. A good example 
among monocyclic forms is found in Stephanocrinus angulatus (text-fig. 4, 
p- 35) in which the external ridges are extremely well defined; here the ridges 
pass to the radials singly from the undivided faces of the two fused plates, 
while upon each of the other three radials a pair of ridges enter, one from each 
side of the interbasal sutures. Among the entire set of ridges two are always 
narrower than the rest, and it will be seen from the figures that owing to! the 
increased size of the odd basal one sutural face of the fused pairs is shorter 
than the others; it is invariably those shorter faces that are traversed by the 
two smaller ridges. In this species the shape of the nerve-center is indicated 
externally by the sharply triangular cross-section of the basal cup. A similar 
relation of the external ridges appears in the Camerate species Steganocrinus 
pentagonus (text-fig. 5), where owing to the interposition of an anal plate the 
base consists of three equal plates forming a hexagon; the ridges passing to 
the three undivided sides of the hexagon are single, while those entering the 
other two radials and the anal plate are in pairs astride the interbasal sutures. 
The consolidation of the original pairs of nerves is subject to variation accord- 
ing to the amount of compression in the fused plates, and the external appear- 
ance is often greatly modified by the breaking up or reduplication of the ridges; 
but it seems to be a general rule that primarily there is one nerve cord for each 
sutural face. 

In Lecanocrinus, Pycnosaccus, etc., the chambered organ is strongly tri- 
angular, and in exceptionally well-preserved specimens we sometimes find the 
single neural ridge, as in the other cases mentioned, passing externally over the 
middle of each compound infrabasal. 

Since the memoir on the Crinoidea Camerata was written much progress 
has been made in the knowledge of infrabasals in the Recent crinoids, which 
were formerly assumed to be all monocyclic, but in which Wachsmuth and 
Springer predicated the existence of infrabasals upon paleontological evidence. 
In addition to the discovery of these plates soon afterward by Bury* and by 
Seeliger * in Antedon, infrabasals have now been found in eight species be- 
longing to the recent genera /socrinus, Metacrinus, Promachocrinus and 
Hypalocrinus, by De Loriol,’ Clark,* Doderlein,’ Jaekel,* and myself.’ 


Early Stages in the Development of Antedon Rosacea, Philosophical Transactions, London, 1888, 
p. 288. 

* Entwicklungeschichte der Crinoiden, Zool. Jahrb., Bd. 6, Morph., 1892, p. 317. 

* Rey. Suisse de Zool., vol. 2, 1894, p. 404. 

“Proc. U. S. National Museum, vol. 33, Feb. 29, 1908, p. 671; and Monograph of Existing Crinoids, 
IQI5, p. 316. 

° Gestielten Crinoiden der Siboga-Expedition, 1907, p. 20. 

® Sitzungs. Bericht. Gesell. Naturf. Freunde Berlin, 1904, p. 192. 

7 Proc. U. S. National Museum, vol. 36, 1909, p. 187. 
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Mr. Clark, in the paper cited, said: “It is now known that all Recent 
crinoids, with the single exception of Hyocrinus, are dicyclic”; and in my 
paper On a New American Jurassic Crinoid above cited, I stated as the 
accepted conclusion from the researches of authors to that date, 1909, that 
“ there can be no longer any doubt that the Pentacrinidae are all either actually 
or potentially dicyclic, though in some species the infrabasals are resorbed at 
an early stage.” The last observation had reference to Clark’s further re- 
searches in 1908,’ in which he examined 15 specimens of /socrinus decorus and 
three of the closely related Endoxocrinus parrae (olim Pentacrinus miilleri). 
He found infrabasals in all of the former, but none in the latter, in which, 
however, there is a large hole in the place which they should occupy. This con- 
dition is comparable with that which I have found in the species of [chthyo- 
crinus with infrabasals resorbed. 

As to the Basals, the one noteworthy fact in the Flexibilia is the frequent 
great enlargement of the posterior plate in those forms having a well-developed 
anal side. This occurs in many genera and in all the families,—for example in 
Calpiocrinus, Forbesiocrinus, Dactylocrinus, Euryocrinus, Synerocrinus, Am- 
phicrinus, and all the Taxocrinidae. Among those in which the posterior basal 
is not materially larger than its fellows are Lecanocrinus, Mespilocrinus, Anis- 
ocrinus, Pycnosaccus, Asaphocrinus and Hormocrinus. In all of the latter the 
anal 4 is a prominent plate, whereas in those forms with elongated posterior 
basal the anal « has lost its identity as a feature in the calyx. In many of these 
cases the bulk added by the elongation of the basal is substantially equivalent 
to that of the vanished anal 1, and it is a significant fact that if we compare a 
form like Lecanocrinus or Pycnosaccus (Pls. I, fig. 34; XII, fig. 10a), having 
a very large anal + rising to the height of the radials and a low oblique radianal, 
with one like Forbesiocrinus or Taxocrinus (Pls. XXIII, fig. 2; LI, fig. 2b), 
it will be found that when the radianal is carried upward from its position on 
the right shoulder of the basal by the enlargement of that plate to the extent 
of replacing x, it will occupy the same position relatively to the basal, but at 
the level of the top of the radial instead of the bottom. 

The elongation of the posterior basal is usually accompanied by a certain 
asymmetry, so that when this plate is angular distally, as in Forbesiocrinus, 
the right ‘sloping face is the longest (Pl. XXIII, figs. 1a, 2, 3), and when it 
supports a tube-like anal series, as in Tavocrinus, the socket in which the series 
begins is not medially located, but lies more or less toward the right side of the 
plate (Pl. LIII, figs. 1a, 2b). Thus the first plate of the anal tube series in 
both cases, instead of following the basal in direct succession, has usually an 
oblique position between the right shoulder of the basal and the upper corner 
of the adjacent radial, representing a late stage in the migration of the radianal 


1Proc. U. S. National Museum, vol. 35, p. 87. 
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in the calyx of the Flexibilia. Striking examples of this character may be seen 
in numerous figures under the following genera, viz.: Forbesiocrinus, Plates 
XXIII, XXV-XXIX; Eutaxocrinus, Plate XLVIII; Taxocrinus, Plates LU, 
LIII, LV, LVII-LX, LXII; Onychocrinus, Plates LX VI, LX VII, LXIX, LXX. 

The form and construction of the posterior basal furnishes the chief 
ground for differentiation between lorbesiocrinus and Taxocrinus and the 
families which they represent, being suturally connected at the distal end with 
other plates in the former, and only with perisome in the latter. 


c. Radials and Brachials 


The radials in the Flexibilia are subject to considerable modification, ex- 
hibiting wide contrast in form and proportions. They are most prominent in 
the Lecanocrinidae, in which they are usually the largest, and in typical forms 
by far the largest plates in the calyx (Pls. I-XV). This disproportion is great- 
est in Pycnosaccus and Nipterocrinus, in which the great size of the radials, 
coupled with the extreme smallness of the succeeding brachials, produces a 
facies more like that of the Inadunata than of the Flexibilia; in fact it was not 
until I obtained the proof that the rays in these genera are connected by 
perisome that their relationship to the latter group became clear (Pls. XI, 
fig. 9c; XII, figs. 2a, b, 3a, b; XV, fig. rob). 

In the Ichthyocrinidae the relative proportions of the plates are exactly 
reversed, the radials being smaller than the succeeding brachials, so that the 
ray widens upward like a fan (Pls. XXXII, XXXIX, XLIV). In some species 
of Ichthyocrinus, and in Cleistocrinus and Amphicrinus, the radials are partly 
or wholly buried under the column; and in Calpiocrinus they are sometimes 
overgrown by the infrabasals. In the Sagenocrinidae and Taxocrinidae there 
is no very marked difference between the radials and the lower brachials, the. 
rays being of approximately uniform width. There are occasional exceptions 
to these rules, as for example Lecanocrinus bacchus (Pl. I, figs. 27, 28a), in 
which the ray looks much like that of /chthyocrinus; but in general they fur- 
nish a useful guide for the reference of a specimen to its proper family. In 
Parichthyocrinus, which is an intermediate type between the Ichthyocrinidae 
and Taxocrinidae, the right posterior radial alone is greatly reduced in size by 
encroachment of the posterior basal, and the primibrach following it is some- 
times correspondingly enlarged to a greater size than its fellows (Pl. LXI, 
MES, Tip WA. 141). 

Compound radials are unknown in this group, except in the right pos- 
terior ray of those genera having a radianal in the primitive position. 

The primary brachials vary in number from one to three or more, the 
preponderating types being those with 2, or with 3, primibrachs; while the 
others are exceptional, save in Onychocrinus where more than three is a 
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frequent number. As to forms with two or three [Br, there is a marked suc- 
cession in geological time which has proved to be of importance in the discrim1- 
nation of genera. The tendency was toward increase in number, so that while 
2 [Br was the prevailing plan in the pre-Devonian genera, the 3 IBr plan 
largely predominated in those of post-Devonian epochs. The first plan includes 
all the Silurian forms except Meristocrinus, and most of the Devonian; it con- 
tinued through the Carboniferous to the Kaskaskia in the rare genera 
Wachsmuthicrinus, Mespilocrinus, Metichthyocrinus, Euryocrinus and Syner- 
ocrinus, and recurred exceptionally in one species of Forbesiocrinus and in the 
latest species of Taxocrinus. This plan of primibrachs is the one which pre- 
vails almost without exception throughout the Camerata; it became predomi- 
nant in the Mesozoic, and remains so to the present time in the great majority 
of the Stalked crinoids and comatulids—notable exceptions being Metacrinus, 
Calamocrinus, and Phrynocrinus. 

The 3 [Br plan, while exceptionally indicated by a few cases in the 
Silurian and Devonian, became a leading feature in the Carboniferous Flexi- 
bilia, where it is conspicuous in numerous species of the widely distributed 
genera Forbesiocrinus and Taxocrinus, from the Waverly to the Kaskaskia; 
in Parichthyocrinus from the Burlington and Keokuk; and it continued until 
the culmination of the group in Onychocrinus, some species of which regularly 
add another primibrach. 

This distinction was first pointed out by me in 1906,’ and it proved to be a 
very useful character for separating Silurian from Carboniferous species which 
had all been described under Tasrocrinus; those with 2 IBr became Eutaxo- 
crinus, extending through the Silurian and Devonian and slightly into the Car- 
boniferous. The change from 2 to 3 [Br occurred in the Devonian, where we 
find the two characters commingled in a single species; and where species of 
constant 3 1Br type begin to appear. It was a decided morphological change, 
and it would be interesting to know by what process it was effected.” 

The number of brachials in the higher divisions is quite irregular, but 
occasionally it can be utilized in regard to the secundibrachs for specific 
distinctions. 

The articulation upon the distal face of the brachials, and on the proximal 
face of all but the first, is of a type by itself, different from that of other 
Paleozoic crinoids; it may be described as an imperfect muscular articulation, 
with fossae, paired muscles and ligaments, but for the most part without a com- 
plete transverse ridge. It is a modification of the straight muscular articula- 
tion of the Poteriocrinidae, which also prevails normally throughout the 

* Journal of Geology, vol. 14, pp. 487 et seq. 


* This will be discussed by Mr. Austin H. Clark in the forthcoming part II of his Monograph of the 
Existing Crinoids. 
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Mesozoic and Recent crinoids with a very few exceptions. It may be com- 
parable to a stage in the senile condition sometimes found in the Recent 
crinoids, where the transverse ridge becomes obsolete. These articulations are 
well shown by various figures of lorbesiocrinus nobilis on Plate XXIV. Occa- 
sionally in the Flexibilia a vestige of the transverse ridge is seen, as in Lecan- 
ocrinus (Pls. I, fig. 5; II, fig. 3) ; but in these cases there are no paired muscle 
or ligament fossae. It will be noted that while in Forbesiocrinus nobilis the 
articulation on the faces of the brachials is as above described, that upon the 
distal face of the radials is different in not being paired (Pl. XXIV, fig. 7b). 
This raises the question whether the so-called radial is homologous with the 
radial in genera with only 2 1 Br, or whether it may not rather be the represen- 
tative of the lower half of a compound radial, analogous to the radianal. Un- 
fortunately it is impossible to obtain the evidence with which to follow up this 
question in other genera. It is extremely difficult to obtain disintegrated speci- 
mens in which these joint surfaces are clearly shown; the only case in which 
I have found them being that of Forbesiocrinus. 

It is now generally accepted by authors that in all crinoids the arms mor- 
phologically begin with the first plate above the radials,’ the latter term being 
thus restricted to the lowermost circlet of radially situated ‘plates; these plates 
(Radials) appear at an early stage in the larval crinoid as small points at the 

angles of the basals and orals (PI. B, figs. 1-3), and they undergo considerable 

development before any sign of brachial structures is visible. The plates which 
finally succeed them in the rays are treated as primary brachials up to and 
including the first axillary. In some Inadunata, including most of the Larvi- 
formia, and occasionally among the Recent crinoids, there is no bifurcation, 
and the arms are mere continuations of the primary brachials, with no line of 
demarcation between them. But in the great majority of crinoids, both fossil 
and recent, the ray divides at some point, usually on the second or third plate. 
This is the case in all Camerata and all Flexibilia, among which forms with 
five simple arms are unknown. 

The brachials of the Flexibilia, both primary and those of higher orders, 
are to a large extent characterized by an arcuate curvature of their transverse 
sutures, which imparts a peculiar aspect to the crown not commonly found in 
any other fossil group. The proximal margins bend downward in a more or 
less deep median curve, overlapping the distal margins of the plates next be- 
low, which are often hollowed to meet it (PI. XXVI, figs. 1b, c). This curva- 
ture is usually most pronounced in the distal portion of the arms, appearing in 
a smaller degree lower down; and sometimes it is entirely wanting. It is least 

*Mr. Clark is now of the opinion that the radials are not fundamentally true calyx plates, but are 
structurally more closely related to the ossicles of the brachial series immediately following them; the 


reasons for this view, based upon the study of the comatulids, will shortly be given by him in full. 
4 
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conspicuous in the Lecanocrinidae, where it rarely appears in the visible parts 
of the rays, the sutures for the most part being perfectly straight. In the later 
Sagenocrinidae, and in the majority of Ichthyocrinidae and Taxocrinidae, it 
becomes a most prominent feature in their habitus. Forbesiocrinus, Ichthyo- 
crinus, Taxocrinus and Onychocrinus are fine examples of the arcuate sutures 
which continue down to the radials (Pls. XXVI, XXXIII, LV, LVIII, and 
LXXII). This type of structure was clearly an accompaniment of the great 
mobility in calyx and arms characteristic of the group. Many Recent pen- 
tacrinites have similar arcuate suture lines at the brachial syzygies (Challen- 
ger Report on the Stalked Crinoids, pl. 29, fig. 2). 

When extremely developed, the projecting processes sometimes ena to 
become fractured, perhaps from contraction at death or during fossilization, 
thus giving the appearance of separate intercalated plates (Pl. XXVI, figs. 3D, 
4,5). This feature has given rise to the idea of “ patelloid plates,” which has 
figured to a considerable extent in the literature from Hall, who originated it,* 
to Bather,* who treated and figured these apparent plates as a frequent charac- 
ter of the Flexibilia Impinnata. The superficial appearance of many specimens 
certainly gave good ground for such an interpretation. But by means of 
entirely isolated plates (Pls. XXIV, figs. 9a, b, 17a, b; XXVI, figs. 1b, c); of 
weathered specimens in which the sinuous sutures are eroded on the exposed 
parts while present and distinct in other parts of the same specimen (PI. LVI, 

ge. 9); and of grinding, which causes the curves as well as the apparent lines 
of articulation of the processes to disappear at a very slight depth below the 
surface (Pl. LX XII, fig. 10) ;—I have been able to ascertain the actual struc- 
ture of these parts. This I have illustrated by the accompanying text-figures: 
6a to d, made from a pair of isolated plates, giving dorsal and ventral views; 
and 7a to c, cross-sections of three plates in progressive stages of development 
of the processes, together with the articulating face, d, of the most advanced 
of these three. 

From these, as well as from numerous figures on plates above referred to, 
it will be seen that the projections and their sockets, and the apparent curving 
of the suture, are almost superficial structures, and that at a short distance 
inward, as well as at the ventral side of the plates, the sutures are perfectly 
straight. ; 

To explain the mechanics of the “ patelloid ” structure, it may be described 
as consisting of a thin process projecting downward from the middle of the 
curved proximal margin of the brachials, and occupying a socket of correspond- 
ing shape formed for its reception on the distal margin of the apposed brachial. 
The outer convex surface of the process conforms to the general curvature of 


1 Geology of Iowa, vol. 1, pt. 2, 1858, p. 630. 
*In Lankester, Treatise on Zoology, pt. 3, 1900, p. 190. 
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the plate, while its inner surface corresponding to the face of the socket slopes 
toward the outer margin of the brachial, thus making the vertical section of 
the process triangular and its transverse section lunate. The marginal contact 
surfaces of the process and socket are crenulated, as contact surfaces usually 
are. Between their apposed faces there is sufficient space for the dorsal liga- 
ment, which perhaps took on an oblique or a nearly horizontal position. 

When the arms were folded, the dorsal ligament would be stretched and 
the process would separate slightly from the socket; but when opened, the liga- 
ment would contract and pull the process firmly into the socket. Thus there 
was an interlocking of the brachials which was probably connected with a 
stiffening of the crown. The relatively feeble articulations in the Flexibilia, 


di 7c 


Fics. 6a-d, 7a-d 
THE “ PATELLOID”’ PROCESSES 


6a, b, dorsal view of a pair of brachials, showing the projection from proximal edge of 
upper, and corresponding socket on lower; 6c, d, ventral view of same, showing perfectly 
straight sutures. 7a, b, c, cross sections of three brachials in different stages, showing shal- 
lowness of socket and thinness of patelloid process, their. progressive development with cor- 
responding enlargement and change in position of the dorsal ligament fossa, and the deepening 
of the inter-articular ligament fossa; 7d, distal face of IBr from which the section 7c was 
made—a very mature brachial in which the development of the socket and process has pro- 
ceeded to the extreme, and the structure of the articulating surface has been modified by age; 
pt. patelloid process; dl. dorsal ligament fossa; il. inter-articular ligament fossa. 
combined with the large size of the arms, would render the latter peculiarly 
susceptible to fracture in case of contact with a fish or other moving object. 
With the arms closely coiled, the crown would be compact and in no danger of 
breakage through an external force; and when extended they would be auto- 


matically stiffened by the overlapping of the brachials. 


d. The Arms 
The arms of the Flexibilia are all uniserial, no suggestion of a biserial 
arrangement being found in the entire group; and they are, as already stated, 
always multibrachiate, simple arms being unknown. No trace of syzygies has 
been observed, nor of cuneiform plates, all having parallel proximal and distal 
faces. In the mode of branching two types prevail: (1) By approximately 
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equal bifurcation, which I call “ dichotomous ” in preference to “ isotomous,” 
because we cannot confine the term to such equally and perfectly symmetrically 
bifurcating rays as those of the Inadunate genus Cyathocrinus. There is a 
tendency throughout the group to inequality in the branching of the arms be- 
yond the first division, the interval between successive bifurcations being 
longer on one ramus than on the other; or one may become simple while the 
other subdivides. So the term must be taken to mean simply that the rays divide 
by more or less regular bifurcations, as opposed to those in which the branches 
are given off in the form of lateral ramules markedly smaller than the main 
trunk; these we call (2) “heterotomous.’’ Under this class we may have 
unilateral heterotomy, in which the relatively small ramules are restricted to 
one side of the main ray division, usually toward the inside of the dichotom but 
exceptionally in one species of Onychocrinus to the outer side; Dactylocrinus 
and Wachsmuthicrinus are good examples of this type (Pls. XLI, XLIII). 
Or the heterotomy may be bilateral, where the ramules are borne alternately 
on opposite sides of the trunks, as in the typical Onychocrinus (Pl. LXX). 
The ramules may divide by nearly equal bifurcation, or by means of secondary 
ramules. 

Between these two principal types there is some intergradation, so that in 
regard to some forms it is hard to say to which they belong; thus we call 
Sagenocrinus dichotomous, although there is not much difference in principle 
between a specimen like that of Plate XIX, figure 2, and one of Lithocrinius 
(Pl. XX), which we call doubtfully heterotomous. The two types occur to- 
gether in the Pentacrinites. Endoxocrinus and Teliocrinus are strictly 
isotomous; Jsocrinus is slightly heterotomous; Metacrinus more markedly 
heterotomous; and Pentacrinus almost typically heterotomous. Bather in 
subdividing the Flexibilia makes the heterotomous arm structure a family 
character on which he bases his Dactylocrinidae—a group which includes a 
representative of every one of the four families of my classification. I am 
unable to attach the same importance to this character, as the two structures 
occur together in several of the best defined families of the Camerata, as well 
as in each of the families into which according to my view the Flexibilia are 
divided. 

In one genus of the Lecanocrinidae, Cholocrinus, there is a remarkable 
inequality in the development of arms in the different rays, the two posterior 
rays and the anterior ray being of ample size, while the two lateral rays are 
reduced to insignificant dimensions—the two together not occupying half the 
space of either of the others. This is not a mere individual abnormality, but 
is constant in four specimens, and is correlated with other characters distinc- 
tive of the genus. Unequal rays are found in other groups, especially among 
the Inadunata including their recent representatives, where the anterior ray is 
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frequently the smallest; and in one singular species, Cyathocrinus maxvillensis 
Whitfield, the two posterior rays are dwarfed. In the Camerata also the lateral 
rays are occasionally of inferior size. But in none of those groups is there a 
case where the disproportion is so great as in Cholocrinus. 

Throughout the group there was a strong tendency in the arms to coil 
tightly upon themselves over the tegmen (PI. XXXV, fig. 16). It is very rare 
to find a specimen with the arms spread out so as to expose the ventral side as 
often occurs in other groups, except in one species of Onychocrinus; even in 
this, however, it is only the lower parts of the rays that are exposed, the 
ramules themselves being always tightly folded. Owing to this infolding the 
arms give an impression of stoutness which is not true in all cases for their 
distal portions; these are sometimes exceedingly slender. 

As a general rule in the crinoids enlargement of the arms is accompanied 
by reduction in size of the calyx, and vice versa. Thus the ponderous arms of 
Arachnocrinus* belong to a calyx which is little more than a center of connec- 
tion between them, while Hadrocrinus plenissimus,’ with almost the largest 
calyx of any crinoid, is now known to have a great number of short, thread- 
like arms. Among the Flexibilia the Lecanocrinidae, and to some extent the 
Sagenocrinidae—e. g., the genus Sagenocrinus—have relatively a large calyx 
and small arms, while the reverse is the case with many of the Taxocrinidae. 

Pinnules are entirely wanting in the Flexibilia. Their absence is one of 
the characteristics of the group. There are ramules in the heterotomous types 
which may be considered an intermediate stage between pinnules and arms; 
and in one of the later species of Onychocrinus, with ramules branching alter- 
nately from every second brachial, there is the nearest approach to pinnulation 
known in the group; but the resemblance is only slight. That ramules are 
somewhat different elements from pinnules is indicated by the fact that in some 
Melocrinidae, and in Lampterocrinus, the ramules themselves are regularly 
pinnuliferous, and they frequently branch on the same principle as arms. 

Clark has shown * that the free arms of the crinoids are composed of an 
extension of the boundary between the primarily skeleton-forming dorsal sur- 
face and the perisomic ventral surface, so that any series of ossicles on the 
border between these two surfaces,-and composed in equal parts of each, will 
assume the structure common to all the processes arising in the same region, 
and will take on from the beginning the structure of the crinoid arm. Thus it 
is possible to have an interradial arm, such as is found in the posterior inter- 
radius of the so-called Thawmatocrinus renovatus of P. H. Carpenter, arising 

1 Springer, New Am. Foss. Crinoidea, Mem. Mus. Comp. Zool., Vol. XXV, no. 3, 1911, Pl. I, fig. 1. 
*Wachsmuth and Springer, N. A. Crin. Cam., Mem, Mus. Comp. Zool., Harvard, Vols. XX, XXI, 


1897, Pl. XXIV, fig. 2a. 
§ Journal Washington Acad. Sci., vol. 2, 1912, p. 311. 
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just to the left of the anal tube, and in other six-rayed specimens; and where 
the process is carried to its ultimate conclusion the ten-rayed Promachocrinus 
(sensu P. H. Carpenter) is produced. 


Il. THe AcTiINnAL SYSTEM 
a. The Tegmien 


The tegmen includes the interambulacral plates or integument of the 
perisome, which belong to the category of supplementary plates, and logically 
should be considered under that head; but it seems more convenient to treat 
the tegmen here as a whole. It consists of orals, ambulacrals, and inter- 
ambulacrals, out of which open the mouth and anus. 

The tegmen of the Flexibilia for a long time was totally unknown and is 
still very rarely seen; its construction was the subject of much theoretical dis- 
cussion in former years, which may now be relegated to ancient history.’ Its 
true nature was first discovered and described by Wachsmuth and Springer 
in 1888,” in a specimen of Taxvocrinus intermedius of remarkably perfect preser- 
vation, which shows the essential structure completely (Pl. LIII, fig. 1b). The 
great and illuminating feature was the uncovered mouth opening through a 
pliant disk as in the Recent crinoids, thus differentiating it from that of all 
other known Paleozoic crinoids, and fixing the systematic position of the group 
in a way that put an end to the chief speculative discussion concerning it. For 
it was inferred with much confidence that the structure found in this genus 
was that of the group throughout—an inference which subsequent discoveries 
have amply confirmed. A similar tegmen has since been found by me in 
another species of Taxocrinus, and in the genera Homalocrinus, Cholocrinus, 
Pycnosaccus, Synerocrinus, and Onychocrinus, representing three out of the 
four families of the Flexibilia (Pls. V1, fig. 15); IX, fig. 4d; XI, fig. 15); 
DOLIUL, sss, Cros Tag Ie OW INL, sates, 7/))- 

The mouth is surrounded by five parted orals, between and below which 
the plated ambulacra pass inward after traversing the perisome from the arm 
bases. The orals occupy a relatively small space at the center of the disk, and 
represent a late stage in the ontogeny of the young crinoid such as was de- 
scribed by W. B. Carpenter in his memoir on Antedon rosaceus,’ where the 
circlet of orals has detached itself from the summit of the radials on the 
shoulders of which it was previously superimposed, and is progressively car- 
ried inward by reason of the outward expansion of the ring of radials—the 
space between the two series being now filled in only by the membranous 

1See N. A. Crinoidea Camerata, pp. 88-124. 


*Discovery of the Ventral Structure of Tavocrinus, Proc. Acad. Nat. Sci. Philadelphia, vol. 40, 


PP. 337-363. 
* Philosophical Transactions, London, 1866, p. 727. 
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perisome, which is traversed by the five radial grooves (ambulacra) passing 
‘out from the peristome between the oral valves to the bifurcation of the arms. 
The same condition is shown in one stage of the larval Comactinia hereinafter 
described, This condition is also comparable to that of Holopus (Pl. A, fig. 8), 
and of Thaumatocrinus (Pl. A, fig. 9b), as the orals would appear with some 
further growth of perisome around them. 

A more striking parallelism is found in the tegmens of some genera of the 
family Plicatocrinidae, which has been shown‘ to possess characters approxi- 
mating those of the Paleozoic Inadunata more closely than any other of the 
living crinoids. In these forms the orals persist in the adult stage as a central 
pyramid surrounded by perisomic plates of varying size, some quite large and 
distinct, thus completely enclosing the visceral mass except for the open mouth 
and ambulacra. Among these is Hyocrinus, which as figured by P. H. Car- 
penter in the Challenger Report on the Stalked Crinoids, plate 6, has rather 
large triangular orals, and a lateral anal tube fairly low down at the margin of 
the disk. Thalassocrinus (A. H. Clark, Monograph of the Existing Crinoids, 
Pp. 209, fig. 145) has a similar pyramid, with the apex decidedly high, the edges 
of the orals curiously projecting in thin ribbon-like, simuous margins which are 
repeated in the covering plates of the ambulacra throughout the arms; it also 
has quite large interradials, few in number. 

Still more interesting for comparison with our Flexible tegmen is that of 
the type species of Ptilocrinus from the North Pacific, of which I give an 
original figure (Pl. LXXV, fig. 1c). Here not only are the orals with their 
large connecting ambulacra deeply surrounded by perisomic plates of good 
size, so that they occupy a relatively small space at the center, but they are 
somewhat asymmetrical owing to the influence of strong plates surrounding 
the anal opening, which is rather high up in the interambulacral area. 

The orals of the Flexibilia are unequal, the posterior plate being dispro- 
portionally enlarged, sometimes almost exceeding in area the other four com- 
bined. It is a madreporite perforated by numerous pores, as is shown in 
Onychocrinus (Pl. LXVII, fig. 9b), and especially by the perfectly preserved 
plate in Synerocrinus incurvus (Pl. XLII, figs. 81, 0); and it doubtless per- 
formed the functions of the perforated orals seen in Holopus (Pl. A, fig. 8), 
and in Hyocrinus as described by Carpenter (Challenger, Stalked Crinoids, 
p. 95). The enormous development of the posterior oral does not find a 
parallel in any of the Recent tegmens, which so far as known are in this re- 
spect perfectly symmetrical, save for the slight irregularity in Ptilocrinus. 
But this kind of irregularity is the rule in the orals of the Camerata and the 
Inadunata. 


* Clark, A. H., Jour. Washington Acad. Sci., 1913, p. 404. 
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Many years after our discovery of the tegmen of Taxocrinus, I succeeded 
in exposing that of Onychocrinus in several specimens in a manner which 
threw additional light upon the structure. It was described and illustrated in 
1906,’ and to the description there given, as well as herein under Onychocrinus 
ulricht, must reference be had for the full details. The immense size of the 
posterior oral is emphasized, and the very strong ambulacrals (much heavier 
than those of Taxocrinus) are shown, together with a conspicuous anal tube 
located close behind the oral. The perisome is extensive, very thin and pliable, 
thickly studded with very small plates passing far down between the rays, and 
meeting strong interbrachial plates with which the perisome connects by a well- 
defined margin of attachment (Pls. LXVI, LXVII, LXVIII). This structure 
is in every way analogous to that of Ptilocrinus (Pl. LXXV, figs. 1a, b, c), 
in which the perisome also passes down between the rays, and in the lower part 
is studded with strong interbrachial plates, not so regularly arranged as those 
of Onychocrinus. The tegmen of Calamocrinus, which has a similar strong 
interbrachial perisome, represents a stage more advanced than this, in which 
the orals have been almost completely resorbed, it being difficult to identify 
them except in a sectional lateral view, where they look like long pegs.* 

The tegmen of such Flexibilia as Onychocrinus, with its wide-spreading 
rays and flexible calyx, must have been extraordinarily pliant, perhaps more so 
than in the living crinoids. As found in the fossil, it is always pressed down 
to the bottom of the calyx cavity so that the connection of the several com- 
ponent parts is not so readily seen in the drawings. Their proper position will 
be better understood from the restoration (Pl. LXVIII, fig. 6) constructed 
after careful study of the figured specimens and some others, showing the 
tegmen as it must have been in life, especially the relation of the anal tube to 
the perisome, which is always disturbed in the fossil; and also from text-figure 8 
showing the relation of the tube to the adjacent calyx plates, and the vertical 
groove in the margin of the radial to the left caused by pressure of the tube. 
No-description of this tegmen and its appendages could be as luminous and 
instructive as these restorations, taken in connection with accurate figures of 
the truly extraordinary series of laboriously prepared specimens illustrated 
upon the above-cited plates. 

The ambulacrals in the few specimens in which they have been seen vary 
somewhat in form and proportion; in Taxocrinus they are short and wide 
(Pl. LIII, fig. 1b), somewhat like those of Ptilocrinus, while in Onychocrinus 
they are elongated to a degree not seen in any other crinoid (Pl. LX VII). 

The interambulacrals in the Flexibilia consist wholly of small plates form- 
ing with the perisome an integument, or plated skin, which supports the 


+Journal of Geology, vol. 14, 1906, pp. 467 et seq. 
* Agassiz, A., Mem. Mus. Comp. Zoology, Harvard, Vol. XVII, ig pl. 6, fig. 7. 
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ambulacra (Pl. LIII, fig. 1b); it occupies the space from the oral pyramid to 
the margin of the disk, and extends downward and outward between the rays 
and their divisions where it may connect with well-formed plates which we call 
interbrachials; usually the distinction between the two is plain, but sometimes 
they pass insensibly into one another. In either case, however, they are but 
modifications or extensions of the same element, the perisome; this is primarily 
a naked skin, but may be partly or wholly studded with calcareous spicules, or 
with undifferentiated plates, which may become larger or more definite and 
permanent in the interradial areas; or they may be entirely resorbed, as hap- 
pens in the tegmen and interrays of most of the living comatulids (See Clark, 
Monograph of the Existing Crinoids, p. 61, fig. 2; p. 67, figs. 15-19). Their 
transient existence in these Recent forms represents a stage of development 
whose fixation paleontologically produced the heavily plated vault of the 
Camerata, and the solid interradial areas of the Sagenocrinidae. The relations 
of this element will be further considered under the next head. 


Fic. 8 


_ The anal tube in Onychocrinus ulrichi; showing its relation to adjacent parts, and 
especially the vertical groove in left posterior radial caused by contact and movements of the 
tube due to the great flexibility of the calyx. 


The anal tube in the Flexibilia is formed by the extrusion from the tegmen 
of the perisome of the posterior interradius, pushed upward by the rectum into 
a conical tubular protuberance behind the large posterior oral, and usually 
supported by a vertical row of strong plates on its posterior side only, as is 
more fully described later in the generic discussions of Taxocrinus and Onych- 
ocrinus. The anus is, according to my view, strictly a tegminal opening, 
analogous to that of the comatulids, no instance of ai opening below the level 
of the radials being known in this group. The genera Sycocrinus and Cydon- 
ocrinus, which Bather refers to the Taxocrinidae, have such an opening, but I 
do not regard them as belonging to the Flexibilia. There is in this group no 
such elevated ventral sac as is found in the Fistulata division of the Inadunata. 
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B. THE SUPPLEMENTARY PLATES 
a. Interradials and Interbrachials 

It was demonstrated by Wachsmuth and Springer * that all plates inter- 
posed between the rays, from the basals to the orals, whether interradial or 
interambulacral, belong morphologically to the same element. Hence it follows 
that if in the growing crinoid certain spicules of the ventral perisome devel- 
oped into well-defined plates, which remained permanently in a definite position 
in the axils between the radials or brachials, they would become the inter- 
brachials (or interradials) as we know them; so that whether a certain form 
has interbrachials or not depends upon the extent to which the spicules in the 
perisome developed into permanent differentiated plates in the axils. To this 
statement, however, exception must now be made as to the permanent inter- 
radial plates resting upon the basals in forms like Promachocrinus and Thau- 
matocrinus, which may develop into arms, and are of different origin, probably 
more in the nature of reduplicated radials. 

The interbrachial structures of the Flexibilia, including those of the pos- 
terior side called the anals, undergo a greater variety of modification available 
for taxonomic purposes than any of the other elements of the crinoid skeleton. 
Speaking first of those belonging to the regular interradial areas, these struc- 
tures fall into two categories: (1) The regular strong and fairly well-defined 
plates that occur in the axils; and (2) the small, irregular plates or granules 
studding the pliant integument or perisome which lies between the ambulacra 
and extends from the tegmen in varying degrees and for variable distances 
down between the rays and their divisions. When in the descriptions we speak 
of the “iBr” plates, we mean the former. 

The two kinds of structures are in many ways entirely distinct in their 
aspect, and the line of demarcation between them is usually perfectly evident. 
This is ordinarily the case in the Taxocrinidae, but owing to the condition of 
the specimens in the fossil state the fact cannot always be ascertained in some 
of the genera. When the rays are closely folded, the perisome is often pushed 
inward and thus concealed from view, or is so covered with matrix that it has 
not been exposed; or if preserved, it is frequently destroyed owing to its fragile 
nature. This has often led to misconception of the real structure, and to mis- 
representation of the facts in illustrations. For instance, it was at one time a 
matter of dispute whether the genus Taxocrinus, as then understood to be 
represented by T. tuberculatus from Dudley, possessed any connection between 
the rays beyond a possible single plate. Proper cleaning now discloses, in many 
specimens of that species, the integument of small plates rising high up between 
the rays and their divisions (Pl. XVI, fig. 5). The interbrachial perisome is 


*The Perisomic Plates of the Crinoids, Proc. Acad. Nat. Sci., Philadelphia, vol. 42, 1890, pp. 345-375. 
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well shown in the leading Taxocrinoid genera from earliest to latest; as in 
EROLOLOGKINUS NCEE Pb Ve iss: 15, 10). and) Haxocramis: (Piss lll ities 3% 
LVII, fig. 3a; LIX, fig. 10). In Plate LVI, figs. 8a, b, the perfectly rounded 
distal face of the strong interbrachials may be seen, and in 6b the slight groove 
is shown for attachment of the perisome, remnants of which are scattered over 
the disk in figure 6a from the same specimen. This was also the case with the 
earlier Forbesiocrinus (Pl. XXIII, fig. 1a), and with Temnocrinus (Pl. XVI, 
fig. 5). In Sagenocrinus, and the later Forbesiocrinus, the solid interbrachials 
pass high up between the rays and seem to merge insensibly into the tegmen. 
In Pycnosaccus and Nipterocrinus there is nothing but perisome between the 
rays clear down to the radials. In Lithocrinus strong interbrachial plates in 
the lower part of the interradius are isolated by perisome surrounding them. 
These conditions may be compared with that of the Recent Ptilocrinus, in 
which the rays are separated, from the radials up, by areas of perisome in 
which a number of good-sized plates appear, rather irregularly distributed 
(PI. LXXV, figs. 1a, b). With these well-filled interbrachial spaces, the cen- 
trally located orals with the posterior one modified by lateral anal structures, 
and the strong ambulacra—this genus bears a stronger resemblance to a 
Paleozoic crinoid than any adult Recent form yet discovered. 

The function of the interbrachial plates was to fill up spaces between the 
radial elements as required by the enlargement of the calyx in the growing 
animal. In rare cases they are limited to a single large plate in each inter- 
radius, with the rays arching above it, as in Anisocrinus (PI. X, fig. 3a) ; and 
there are all variations from that type to the numerously plated areas of 
Sagenocrinus and Forbesiocrinus. In the Flexibilia there is no plate of the 
interradial series, except in the posterior interradius, entering the radial circlet 
and passing down to contact with the basals as in the Camerate families 
Rhodocrinidae and Reteocrinidae, and in the living genera Promachocrinus 
and Thaumatocrinus. That structure is a phase in the morphology which ap- 
pears to be unrepresented in this group, save in an isolated species among the 
later Taxocrini, and occasionally in individuals of one or two others. 

It was for a long time supposed that the interradials were a structure 
sui generis, belonging almost exclusively to the Paleozoic crinoids. Some 
traces of their development were found in the course of the researches upon 
the larva of Antedon. Sir Wyville Thomson* describes their occurrence as 
follows: 


In one or two cases, however, I have observed about the time of the first appearance of 
the anal plate a series of five minute rounded plates developed interradially between the 
lower edges of the oral plates and the upper edges of the basals. These interradial plates 
sometimes remain permanent in the mature Antedon rosaceus, and they appear to be con- 


1 Philosophical Transactions, Royal Society, London, 1865, p. 540. 
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stantly present in some species, as for instance in another and rarer British form, A. milleri 
(Miller). They usually occur, finally, in groups of three or five. They are irregular in 
form, and they resemble the anal plate in structure and mode of growth. 

Dr. Carpenter figures two clusters of these plates as seen at the inside of 
the calyx;* and J. S. Miller shows one such plate in each axil of his Comatula 
fimbriata,’ which he calls “ intercostal plates or joints.” In my paper of 1906,’ 
after reciting the foregoing observations of Thomson and Carpenter, I said: 

These observations of the so-called interradial plates in Antedon have been rather dis- 
credited by some subsequent authors in the course of controversial discussions, but I see no 
reason for questioning them. The occurrences as described seem to me entirely in harmony 
with the morphology of the group, and if they had not already been seen, I should confidently 
expect them to be found by further research. 

Confirmation of this prediction can now be made in the most striking man- 
ner both as to the comatulids and the stalked crinoids. Since W. B. Carpenter’s 
time the existence of a strongly plated interradial perisome extending down to 
the radials has been shown among Recent stalked crinoids in the genera 
Calamocrinus, Ptilocrinus, and others. As to the comatulids the latest state- 
ment is by Clark in his Monograph of the Existing Crinoids, p. 339, as follows: 

In many of the recent comatulids more or less well-defined plates are found between the 
division series and between the first two or three brachials of the free arms. These may be 
comparatively small and distinct, or they may be large, forming a solid calcareous plating over 
the perisome. They are most strongly developed -in certain of the large very many armed 
comasterids, as Comaster multifida, C. belli, C. typica and Comanthina schlegelii; and though 
here restricted to small areas between the bases of the IBr,, are very prominent features of cer- 
tain of the species of Antedon, especially of A. moroccana and A. diibenii. 

In young Comactinia these plates are well developed, from one to several, 
subsequently resorbed. In Promachocrinus and Thaumatocrinus interradials 
of a very distinct type occur resting on the basals, which apparently have noth- 
ing to do with the perisomatic system, but are probably related in their origin 
to the radials. 

It is evident from Dr. Carpenter’s figure that these plates are more con- 
spicuous on the interior of the young Antedon than at the exterior; in other 
words, the growth of interbrachials is from within outwards. This accords 
very well with the observed facts among the fossils of the present group. I 
have many specimens showing how the interbrachial plates diminish in size and 
number from the interior of the calyx to the exterior. In many cases where 
they are well developed on the inside they appear as mere points at the outer 
surface, and often they do not pass through the wall; so that in a given inter- 
radius we may count twice as many plates interiorly as exteriorly (PI. LXI, 


1 Philosophical Transactions Royal Society, London, 1866, pl. 33, fig. 7. 
4 Natural History of the Crinoidea, 1821, Frontispiece, Fig. 76. 
Journal of Geology, vol. 14, p. 508. 
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figs. 1a-d; 3a-d). In some genera which are usually without any such plates a 
straggling one is occasionally to be seen, and it is quite probable that if we 
could see the interior of all the specimens, we should find many instances of 
sporadic plates which have not come to the surface (Pl. XX XIX, fig. 9b). It 
is a fact thoroughly established that these plates multiply with the growth of 
the individual; but it would seem that in those forms in which the rays are 
more or less contiguous, and tend to arch over the interbrachial areas, the 
plates are crowded by the growth of brachials, and are to a certain extent re- 
duced or suppressed at the outer surface of the calyx. In genera like Taxo- 
crinus, Forbesiocrinus, and Uintacrinus, the variation of the interbrachials 
with age is very marked, young individuals in some species having none at all, 
while the adults are profusely supplied (Pls. XXVIII, LV, and Mem. Mus. 
Comp. Zool. Harvard, vol. 25, no. 1, 1901, pp. 73-85). In Wachsmuthicrinus, 
which has no anal plate, the interbrachials are still more variable, being present 
or absent in the adult of the same species. In Nipterocrinus, Pycnosaccus, and 
Cholocrinus the perisome extends down to the radials as a plated integument, 
without developing any definite interbrachial plates. 

Notwithstanding the irregularities in some cases as above mentioned, the 
varying development of the interbrachial plates affords important characters 
for classification in this group. In some genera the perisome did not pass down 
between the rays in such a manner as to form any permanent plates in the inter- 
brachial areas; in others they were abundantly developed. Both forms extend 
from the Silurian to the Carboniferous; the first being characteristic of a little 
group of genera which may be taken as the typical Ichthyocrinidae—/chthy- 
ocrinus, Synaptocrinus, Metichthyocrinus, etc. The tendency in the paleon- 
tological history of the group is the same as in the individual, viz., toward an 
increase of interbrachials. But few forms without such plates are found after 
the Silurian, while in the Carboniferous their presence in considerable numbers 
is the general rule. On the other hand, while the latter stage was fully at- 
tained in the Silurian genus Sagenocrinus, it was the exception in that age. 

There is no family in this group in which the rays are completely 
separated by interradials as in the Rhodocrinidae and Reteocrinidae of the 
Camerata. But in some of the later species of Tavocrinus (Pls. LIX, LX) 
a tendency is developed for the interradials to pass down and connect by short 
faces with the basals. Somewhat analogous to this is the isolated occurrence 
among the Inadunata of corresponding age of a species in which the radials 
project downward between the basals until they meet the infrabasals (See 
Wright, Trans. Geol. Soc. Edinburg, X, pt. 1, 1912, pl. 6, figs. 4, 7; pt. 2, 1914, 
pl. 18, fig. 8). 
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b. The Anal Structures 


Modification of the plates of the posterior, or anal, interradius, taken in 
connection with the posterior basal, form the basis of the two largest divisions 
of the Flexibilia; the details of these two plans of structure are fully explained 
later. A series of further and somewhat parallel modifications occurred under 
each of the sub-orders, which furnish the characters for several of the genera. 
The first of these modifications relates to the plate now called by authors gener- 
ally the “ Radianal.” The morphological relations of this plate, and its signifi- 
cance in classification, were not understood in reference to the Flexibilia until 
I pointed them out in my paper of 1902," in which I demonstrated the existence, 
not before suspected, of such a plate in the well-known species “ Taxocrinus ” 
tuberculatus from the Silurian of Dudley, England, and proposed for it on that 
ground the genus Temnocrinus; and in that of 1906* in which I proved the 
same fact, equally unsuspected, in the Silurian species of [chthyocrinus, and 
proposed to separate from them the Carboniferous species, in which no such 
plate is present, under the name Metichthyocrinus. Subsequent investigation 
has abundantly confirmed the conclusions there announced, and has extended 
them to four other genera, so that the structure of the anal side in the Flexi- 
bilia in this respect is now established by a multitude of facts and made per- 
fectly clear. 

The term “ Radianal”’ (RA) was first proposed by Bather * in 1890 for a 
plate which is prominent in the development of the anal interradius of the 
Inadunata. As the name implies, it stands partly in connection with the radial 
system, in this case with the right posterior radial, and at the same time it 
functions as a plate eventually leading toward the anal series. How intimate 
the latter connection is | am now able to demonstrate far more clearly than has 
ever been done before, as will be seen a little further on.* 

This plate may be described as occupying four positions, to which may be 
added by way of a Hibernian concept a fifth, its absence: (1) At the base of 
the right posterior ray and in contact with the right anterior radial—its primi- 
tive and oldest position (Cupulocrinus, Dendrocrinus, etc.) ; (2) under the left 


* American Geologist, vol. 30, p. 88. 

* Journal of Geology, vol. 14, p. 475. 

* Ann. and Mag. Nat. Hist., ser. 6, vol. 5, p. 320. : 

* My discussion of the position and modifications of the radianal is limited to the Flexibilia, in connec- 
tion with the development of a corresponding plate in the larval stages of some Recent crinoids, and with 
illustrations drawn from the dicyclic Inadunata, from which it is now thought the Flexibilia may have 
been derived. Whether the lower segment (inferradial) of the compound right posterior radial in the 
Heterocrinidae and allied monocyclic forms should be regarded as homologous with the radianal, as has 
at times been done by authors (myself included), I shall not undertake here to discuss. The fact that 
some of these genera have similar compound radials in other rays, and that the true anal series only begins 
on one face of the axillary superradial, constitute formidable objections to that view. The homologies of 
this and the anal plate x, in the Crinoidea as a whole, will be more fully discussed in a paper entitled 
“What is the Radianal?” which is now being prepared for publication by my assistant, Dr. Herrick 
E. Wilson. 
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half of the right posterior radial, not touching the right anterior, between two 
basals and meeting the infrabasals (Thenarocrinus) ; (3) obliquely at the lower 
left of the right posterior radial, resting upon the right shoulder of the pos- 
terior basal, and not touching the right anterior,—lower oblique position 
(Botryocrinus, Poteriocrinus, etc.) ; (4) at the upper left of the right posterior 
radial, pushed upward on the right shoulder of the elongated posterior basal,— 
upper oblique position; (5) entirely absent, or perhaps assuming the function 
of a symmetrically placed anal plate (Cyathocrinus). To these might be added 
for better comparison the condition in which all anal plates are eliminated from 
the calyx (Erisocrinus and Encrinus). I have illustrated most of these posi- 
tions by reference to Inadunate genera; the plate does not occur in the 
Camerata. 

There is also the symmetrically situated plate found in all three orders of 
the crinoids, designated as “ Anal +,” which occurs concurrently with the 
radianal in many of the genera, and whose exact function or relation is not 
clearly settled. It has been variously assumed to represent either the first inter- 
brachial of the regular areas; the first plate of the anal tube; or an anal element 
suddenly introduced. Without attempting to choose between these hypotheses, 
I shall simply treat it, as I have done heretofore, as a distinct element of the 
anal structures which may possibly at one stage be replaced by the radianal. 

Now in the Flexibilia the radianal passes through precisely the same modi- 
fications as above described, in the same chronological succession; and we find 
that there is in this group a series of generic forms based upon the migration 
and disappearance of the radianal parallel to that occurring in the Inadunata, 
and also for the most part parallel as between its own two larger divisions. 
For we have Tewmnocrinus, Protaxocrinus (Ordovician) and I[chthyocrinus 
(Silurian), like Cupulocrinus, with RA directly under the right posterior ray; 
Sagenocrinus and Homalocrinus (Silurian), like Thenarocrinus, with RA 
shifted somewhat to the left and located within the basal ring; Lecanocrinus 
and Gnorimocrinus (Silurian), like Botryocrinus, with RA shifted further to 
the left and upward to an oblique position under the left lower corner of the 
right posterior radial; Lithocrinus, Forbesiocrinus and Taxocrinus (Silurian 
to Carboniferous), with RA further elevated and resting in a notch formed 
by the sloping upper corners of the posterior basal and right posterior radial; 
Hormocrinus like Cyathocrinus (Silurian to Carboniferous), with RA not 
identified, there being only symmetrical anal plates above the posterior basal; 
Nipterocrinus and Metichthyocrinus (Carboniferous) like Encrinus, with all 
anal plates eliminated from the calyx. 

Thus there was in both these orders an evolution from the Ordovician 
and Silurian to the Carboniferous, in which the radianal passed from the 
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primitive position of a right posterior inferradial by a migration to the left and 
upward to final complete elimination as a calyx plate in the Carboniferous. 

The fact that in some Silurian genera represented by Sagenocrinus and 
Homalocrinus, the radianal entered the basal ring through the widening to a 
variable extent of the right posterior interbasal suture, does not in my opinion 
alter the conclusion that the order of succession in the migration of this plate 
was from below upward. The earliest position, viz., that in Protaxocrinus, 
Cupulocrinus, etc., near the beginning of the Ordovician, was at the base of the 
right posterior ray, and this continued throughout the Silurian. The inclusion 
of the radianal within the basal circlet, as in Sagenocrinus and Homalocrinus, 
may be interpreted as occurring during a process of shifting, not from above 
downward but from the right toward the median area, in course of which it 
came into the posterior interray, the line of weakness of the Flexibilia calyx. 

This shifting process was in fact an incident of the migration of the plate 
from the first to the fourth position, during which temporarily and irregularly 
the two basals—posterior and right posterior—yielding to the influence of the 
gut pushing from right to left, opened to a varying extent, and admitted a cor- 
responding growth of the radianal in their direction. The great irregularity 
of this movement is well shown in Sagenocrinus, in some specimens of which 
the radianal rests nearly to its full width upon the infrabasals, in others meets 
them by only a short line of contact (Pl. XVIII, figs. 2b, 6), or failing to 
touch them rests upon the sloping faces of the two basals (Pl. XIX, fig. 5) 
precisely as in Lecanocrinus. This last case is in fact a transition stage afford- 
ing definite proof that the tendency of the radianal within the limits of the 
genus itself was really upward. Furthermore, in this genus there is a marked 
tendency of the interbrachials in all the areas to grow downward as well as 
upward, so that in a number of instances the first interbrachial 1s in contact 
with the basal. Such an irregular downward growth of the radianal cannot 
therefore be said to represent any well-defined phase of its migration toward 
the lower oblique position, which became definitely established in several well- 
marked Silurian genera of the Flexibilia, and thence to the upper oblique posi- 
tion which persisted as a leading character in some of their strongest genera 
to the close of the Carboniferous. 

The position of the radianal in its Carboniferous stage at the upper right 
of the unsymmetrical posterior basal is shown by numerous examples illus- 
trated upon the plates, both in forms with and without the anal tube. In 
Forbesiocrinus it appears under almost every species—for example Plates 
XXIII, figures 1a, 2; XXV, figure 2; XXVII, figure 8—where it occupies a 
place in the line of least resistance directly above the lower oblique position in 
such forms as Lecanocrinus and Pycnosaccus, the space occupied by the large 
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anal « in those genera being now filled by the greatly enlarged posterior basal, 
which has risen to the level of the radials. In Taxocrinus intermedius, Plate 
LIII, figures ta, 2b, and T. ungula, Plate LV, figure 3, the plate is conspicuous 
by its large size as compared with the succeeding tube-plates. In many exam- 
ples of Forbesiocrinus, such as Plates XXVI, figure 5, and XXVIII, figures 4, 
5, where the equivalent of the row of tube-plates is seen in the vertical series 
of plates loosened at one side, the line of weakness which invited such a migra- 
tion is clearly indicated." If now we take the case of Protaxocrinus and 
Gnorimocrinus, Plates XLVI, figure 8b and XLVII, figure 1, in which the 
tube plates connect directly with the RA in the primitive and lower oblique 
positions, we have the whole course of this migration marked by a plain trail. 

We are now able to show, as will be pointed out further on, that the same 
course of migration is followed by a corresponding plate during successive stages 
of a Recent comatulid, that the trail thus indicated is that of the gut with which 
the radianal in its earlier and progressive stages was closely associated, and that 
the phylogenetic development of this character in a Paleozoic group is recapitu- 
lated in the ontogeny of the living crinoid. The modifications of the anal inter- 
radius as a whole, depending upon its occupation by solid plates or by a tube, are 
considered under the next head. 


1Tt is of interest to note that in the Camerata there is no such line of weakness—no sloping or leaning 
to the right, even in the Reteocrinidae, which have a more or less flexible structure. 
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DAE INTERRELAMIONSEIPS OM Mil he ExXaB TEA 


In my paper of 1906," which as then stated was a note preliminary to the 
present work, I gave at some length the conclusions to which my investigations 
had at that time led touching the interrelationships of the Flexibilia; these 
conclusions remain for the most part substantially the same, and | will restate 
them here with such additions and reinforcement as subsequent researches 
have furnished. In attempting to arrange the genera of the Flexibilia in fami- 
lies, or other subgroups, we have to choose for our differential characters 
between several types of structural modification. At the time of my former 
discussion the life history of only one genus of crinoids was known, viz., 
Antedon. Considering that to represent, “in a general way and to some 
extent,” the phylogenetic history of the group, I assumed “ that its ancestral 
form would be something like the early larval stage of Antedon, with the addi- 
tion of a radianal, of which no trace or suggestion has as yet been found in the 
embryological researches on that genus, as | understand them. This would 
give us a dicyclic crinoid, with a radianal; an anal plate between the posterior 
radials; two primibrachs, the second one axillary and followed by arm 
branches; and the ventral side surmounted by a pyramid of oral plates. I have 
attempted to represent the dorsal side of such a hypothetical crinoid by figure 
9 of Plate V” (op. cit., p. 493). I have reproduced the hypothetical figure 
there given, both for use in this discussion for which it still serves very well,” 
and to show the remarkable way in which it has been confirmed by later dis- 
GOuremes CAL Ay we, 7): 

First, by the independent researches of Mr. Clark, who in his paper of 
1912* on the anal plates of the Recent crinoids, and later in his monograph of 
1915, Says of it: 

In this connection it is most interesting to examine the figure published by Mr. Frank 
Springer ° to show the probable primitive structure of the anal interradius and adjacent parts 
of the calyx in the whole Flexibilia type, both fossil and recent. If we should carry backward 
to its probable inception the course indicated by the migration of the radianal plate in the 
young of the recent comatulids, we should arrive at a calyx structure identical with that 
shown by Mr. Springer and deduced from the study of the fossil forms. From the study of 
the recent types alone it might be argued that the figure should be slightly modified by the 
reduplication of anal 4 in the shape of interradials in all the other interradial areas ; but from 
the data acquired from the study of the six-rayed specimens, and the very evident modifica- 
tion of all the recent types in the direction of a perfect, derived from an imperfect, radial 


symmetry, it would seem that we would be justified in considering these four additional inter- 
radials as a later development. 


* Journal of Geology, vol. 14, pp. 467 et seq. 

7 Although modeled upon Homalocrinus instead of the now preferable Protaxocrinus. 
* Jour. Washington Acad. Sci., vol. 2, p. 313. 

* Monograph of the Existing Crinoids, p. 330. 

* Jour. Geology, 14, no. 6, 1906, pl. 5, fig. 9; explanation p. 493. 
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Second, by the evidence furnished by the new researches on the larva of a 
comatulid of the Actinometra type described in a later chapter, showing that 
_ the radianal actually begins in the axil between the two basals before the radial 
is formed, and is thus at the base of the yet undeveloped right posterior ray; 
from this position, with the development of the radial, the radianal works its 
way from below the radial and passes upward to the left of it. 

Returning now to the form assumed in the hypothetical figure (PI. A, 
fig. 7),—the lines of modification from such a form on the dorsal side would be: 

a. In the radianal, by migration upwards. 

b. In the anal system, by (1) extension upward in vertical series not con- 
nected with brachials, except by perisome; (2) increase upward and laterally 
in sutural connection with the brachials; (3) elimination of the anal plate by 
absorption, atrophy, or migration or shifting. 

c. In the brachial system, by (1) increase in the number of primibrachs; 
(2) variation in the mode of branching of the higher brachials or arms. 

d. In the interbrachial system, by growth and multiplication of supple- 
mentary plates between the rays. 

On the ventral side we might expect modification in the same way that is 
seen in Antedon, viz., a growth of the perisome between the radials and orals, 
gradually separating the latter plates from the radials and carrying them 
inward toward the center. This would give the condition found in Onych- 
ocrinus and Taxocrinus; but the cases in which these structures are preserved 
in the fossils are too few to enable us to trace any of the successive changes. 

a. The first of the above modifications of the dorsal side has already been 
discussed; and we are able to trace in the phylogeny of the Flexibilia succes- 
sive stages in the migration of the radianal, from that shown by the hypothet- 
ical figure to that of elimination from the calyx, which form the basis of 
important generic groups. These stages are analogous to phases in the de- 
velopment of a corresponding plate in the ontogeny of a living crinoid, as above 
stated. 

b. The generic distinctions based upon the other modifications of the 
posterior, or anal, area coming under the second category, are really very 
striking—more so than can be well expressed in terms of brief analysis. Aside 
from the matter of the radianal, there are two plans of structure of the anal 
area which run side by side from the Silurian to the Carboniferous. They 
start with the primitive anal plate of our supposed ancestral form, and diverge 
upon the two lines 1 and 2 indicated above. 

1. The first of these plans is that which represents a solid support or back- 
ing of an anal tube. It is marked by a vertical row of strong, rounded plates, 
originating on the posterior basal, rising with a very gradual taper to a con- 
siderable height between the rays, and having the appearance of a small, 
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rounded arm; the lower part sometimes rests against the left posterior radial, 
on which a groove is formed by the continual pressure and movements due to 
the flexible calyx (text-fig. 8). This armlike series is connected with, or rather . 
seems attached to, the pliant integument filled with small, irregular plates 
which studded the perisome, or ventral covering, in the group. As I have 
shown in the tegmen of Onychocrinus, the perisome developed between the 
radials and the orals, carrying the latter relatively inward until, instead of 
covering the whole ventral side as in the larval Antedon (Pl. A, fig. 4), they 
occupied only a small space in the center of the disk, into which the ambulacra 
converged after traversing the perisome (Pl. LXVII, fig. 7). In the present 
modification of the anal side it would seem as if the perisome began to grow 
with a similar energy between the rays, so that it encroached upon the anal 
plate on either side as far as the posterior basal; while the upward extension 
of that plate took the form of a simple vertical series of rounded plates. Hence 
this armlike row of anal plates is usually found, in well-preserved specimens, 
connected with the brachials of adjacent rays upon one or both sides by a 
bordering integument of irregular perisomic plates (Pl. LXVII, figs. 2b, 3b, 
4, 5). This plated integument, in addition to being pliant, was also very 
fragile, and its preservation in the fossil state is uncertain and irregular. 

Sometimes the rays lie so close together that they touch the anal series on 
both sides, and the bordering integument is thus folded inward so that it can- 
not be seen from the exterior. Nevertheless, the anal plates usually preserve 
their rounded appearance, and do not seem to form part of the calyx wall, or to 
be suturally connected with contiguous rays. Such cases as this give rise to 
difficulties of interpretation, because there are some forms in which the anal 
plates rise into a single vertical series connected by suture with the adjacent 
brachials, and flush with them. These must be distinguished from the cases 
just noticed, where there is a rounded, armlike row of plates, so closely crowded 
by the rays that there is neither any part of the integument visible, nor any 
vacant space on either side, but which were evidently not joined to the brachials 
by suture. Both cases would answer the description “anals in a vertical 
series,’ and yet they undoubtedly represent the two distinct plans, which here, 
as elsewhere, run into perplexing transition forms. 

The armlike row of plates, which are not tubular but on the contrary 
thick and solid, is the dorsal support of an anal tube formed by the outward 
growth of the perisome attending the extrusion of the rectum. If in descrip- 
tions we sometimes call this row of plates “ tube-plates,” or the “anal tube,” it 
must be understood as a conventional term—used by many former writers in 
this sense—to avoid circumlocution, and not as implying that the plates them- 
selves are hollow, or strictly form the wall of a tube. 
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Now the position of this row of plates shows in a striking manner the 
effect of that singular influence which, as pointed out by me in 1906,* has modi- 
fied the bilateral symmetry of almost every genus of this entire group. The 
small infrabasal is almost invariably located under the right posterior ray; the 
radianal originates under the right posterior ray; it migrates from this posi- 
tion upward until it disappears, but always to the right of the median line; if 
the arms have an asymmetrical distortion, it is to the right, never to the left. 
If the posterior basal is angular above, the right sloping face is the longest 
(Pl. XXIII, figs. 1a, 2). This vertical series of anal plates is influenced by 
the same tendency, and the position of its lower plate probably represents one of 
the later stages of the radianal. The posterior basal on which it rests is ex- 
cavated into a shallow socket, like the articulating facet of a radial, on the 
right shoulder of the plate, so that we usually see a small tongue or angle of 
that plate rising up to the left of the base of the anal plate higher than to the 
right (Pls. LI, fig. 10; LIII, figs. ta, 2b). This asymmetry in the position of 
the socket-like excavation is variable in degree, but even where by reason of 
pressure of the adjacent rays the tube appears to be median, careful examina- 
tion will usually show that the exposed part of the basal is slightly widest at 
the left. Not only so, but the anal series itself, even when the lower plates 
touch the left posterior radial, eventually leans to the right, so that the vacant 
space, or the plated integument if it is preserved, is always widest at the left; 
and the anal plates are sometimes found firmly cemented by pressure to the 
side of the right posterior ray, leaving no other plates visible at that side, thus 
giving an appearance of sutural union which must be guarded against in 
studying these fossils. 

The shape and position of this anal row of plates are subject to much 
variation owing to pressure in fossilization, but the dextrorse asymmetry is 
almost the invariable rule. This is due to the line of weakness at the right of 
the posterior interradius which is followed by the radianal in its upward 
migration. 

After citing the foregoing statement from my paper of 1906, in the dis- 
cussion already referred to,’ Mr. Clark says: 


In the ontogeny of the comatulids the radianal follows the same course as in a succession 
of fossil genera ; the anal tube is always to the right of the median line of the posterior inter- 
radius; that the supplementary arm arising on anal x in the young of Thawmatocrinus 
renovatus and of Promachocrinius kerguelensis does not turn to the right is to be interpreted 
purely as a secondary condition, the result of its origin on the edge of the disk and its free 
extension outward from the body. Were the series of ossicles following anal x in the young 
of Thaumatocrinus and Promachocrinus incorporated in the perisome, we cannot doubt but 
that it would have followed the anal tube in its migration to the right, and would, therefore, 
have come into complete correspondence with the conditions seen in the fossil Flexibilia. 


* Journal of Geology, Vol. XIV, p. 496. 
* Monograph of the Existing Crinoids, 1915, p. 332. 
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This plan of anal structure began in the Ordovician, and is found in the 
Taxocrinoid genera from Protavocrinus and Gnorimocrinus in the Trenton 
and Silurian, to Taxocrinus and Onychocrinus in the Carboniferous, surviv- 
ing until the Kaskaskia. Being thus so characteristic of that series of genera, 
it may well be called the Taxocrinus plan. It has persisted to the present time, 
as shown in the early stages of Antedon, Comactinia, Promachocrinus, etc., in 
which a plate directly connected with the tube is progressively developed, while 
in the adult of these forms, and of Calamocrinus, Ptilocrinus, Phrynocrinus 
and Thallassocrinus, plates of anal origin have completely disappeared from 
the dorsal cup. 

2. The second plan is that of a simple extension of the anal system by 
the addition of other plates of a solid nature similar to that of the original 
plate. These plates are joined by sutural union to the adjacent plates of the 
posterior rays, and also with each other; so that as far as they extend upward 
they are incorporated into the calyx walls in the same manner as the plates of 
the other interbrachial areas. The posterior basal is either simply truncate, 
followed by one plate; angular, followed by two plates; or truncate with slop- 
ing shoulders, followed by three plates; but in each of these cases all the plates, 
and others of a similar nature succeeding them, form by sutural union (of 
course of the loose order characteristic of the whole group) part of the calyx 
wall. 

This form of anal structure existed from the Silurian to the Carbonifer- 
ous. The primitive stage is found in such genera as Lecanocrinus (PI1. I, 
fig. 34), and Anisocrinus (Pl. X, fig. 3b), in which the posterior rays arch 
over the anal plate, leaving no vacant space above it. In Calpiocrinus we see 
its simplest extension by the addition of single plates in succession (Pl. VIII, 
fig. 2b). In Temnocrinus we have a further modification by the addition of 
two or three plates abutting on the anal (Pl. XVI, figs. 4, 5). The develop- 
ment was rapid, for in another Silurian genus, Sagenocrinus, in which the 
dextrorse asymmetry caused by the presence of a radianal is still a feature, we 
have a perfect example of this plan in its fullest extension, where the anal area, 
following upon an angular posterior basal, is completely filled to the height of 
several orders of brachials with solid plates forming a regular continuation 
of the calyx wall. Because of its remarkable development in that genus this 
form of anal structure may appropriately be called the Sagenocrinus plan. It 
is carried forward with equal perfection into the Carboniferous by the genus 
Forbesiocrinus, in which the radianal has risen to the upper oblique position; 
and it persists through the Keokuk and Warsaw to the Coal Measures. 

While there are some genera from the Silurian to the Carboniferous in 
which the calyx seems to be bilaterally symmetrical, yet it is a fact that the 
dextrorse asymmetry remains as a general characteristic of this form as well 
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as that of the Taxocrinus plan. If the posterior basal is angular above, the 
face sloping to the right is generally the longest, and the series of plates fol- 
lowing it a little the largest (Pl. XXVII, fig. 8) ; if it is truncate and followed 
by one large plate which is angular above, the same remark may apply to the 
second plate. Among such genera as Calpiocrinus, Temnocrinus, and Sagen- 
ocrinus there are considerable variations of this plan; but throughout its entire 
range—except in certain peculiar transition cases to which I will allude later— 
there is no suggestion, in the external form of the cup, of any such structure 
as an anal tube. 

Under this form, as well as the first, the modification reached the phase 
of the entire disappearance of the anal plates, first in the Silurian without 
disturbing the radianal, as in Jchthyocrinus, and afterwards in the Carbonifer- 
ous with complete elimination of that plate, as in Metichthyocrinus. 

Looking at these well-marked examples of the two plans, one cannot fail 
to be impressed with their complete distinctness as they stand side by side in 
the Silurian (Pls. XVIII and XLVII), and in the Carboniferous (Pls. XXIX 
and LIII). They run a somewhat parallel course during the greater part of 
the paleontological history of the group. The Tavocrinus plan, beginning first, 
maintains a vigorous course to its culmination in the Kaskaskia in the genera 
Taxocrinus and Onychocrinus; while the Sagenocrinus plan, starting later, 
culminated in the Keokuk and Warsaw groups, although continuing with a 
degenerate form into the Coal Measures. The former is thus the one charac- 
ter connected with the anal structures which survived from the Ordovician 
almost to the extinction of the group in the Carboniferous, and is still repre- 
sented in the larvae of the existing forms. 

Notwithstanding the evident distinctness of the two plans, their early 
divergence from a common origin which can with reasonable probability be 
inferred, and their long duration as independent lines of structure, it is never- 
theless a curious fact that they also tend to run together, in a sort of conver- 
gent evolution, toward the close of their history. I can show most beautifully 
by actual specimens how this has occurred in the Carboniferous between 
Forbesiocrinus and Taxocrinus, not so much in the way of individual varia- 
tions as in the modification of species. We have a species of Forbesiocrinus 
in the Keokuk limestone with a firmly plated anal area, in which there is a well- 
marked vertical series imbedded in the middle, but usually starting on the 
longer right shoulder of the basal (Pl. XXVIII, figs. 4, 5). On the other hand, 
there is in the same formation, and at about the same horizon, a form of 
Taxocrinus in which, while the anal series is rounded and prominent, and 
merges plainly into the perisome above, the plates of the bordering integument, 
though still movable, are strong and heavy, and apparently united to the ad- 
jacent brachials by loose suture (PI. LIX, figs. 2, 3, 4). In this the modifica- 
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tion begun in the last case has evidently been carried to a phase in which the 
strong structures composing the Forbesiocrinus plan have broken down in the 
anal area and given place to the opposite one. It thus happens that we are 
sometimes in doubt to which of the two genera a species ought to be referred; 
and much of the confusion and shifting of opinion as to the relations of these 
genera is traceable to the failure to take proper account of these transitional 
forms. 

There was a sort of struggle for existence between the two plans, and it 
would seem that the group adhered in the end to that structure which was in 
best accord with its flexible characteristics; and we may perhaps infer that the 
Sagenocrinus plan, which tended more in the direction of the Camerate struc- 
ture, was finally extinguished by reversion to the other. This was almost 
accomplished in the Kaskaskia, where there is a species, Taxocrinus whit- 
fieldi Hall, which has the habitus of Forbesiocrinus in everything except the 
anal side, where it is a perfect example of structure No. 1 (PI. LX). In fact, 
the general character of the Tavxocrini in the St. Louis and Kaskaskia lime- 
stones is that of a strong interbrachial structure in the regular areas, com- 
bined with a weak and flexible one in the anal area containing the conspicuous 
tube and its bordering integument. In the latest surviving genus of the 
Sagenocrinidae, Amphicrinus, which continues into the Coal Measures, there 
is a similar tendency. Not only is the anal interradius persistently narrower 
than the others, but it shows signs of breaking down through some instability 
of the lower plates which appears in nearly all the specimens (PI. XL, 
figs. ga, b). 

In the family Lecanocrinidae structure No. 2 in its earlier stages was the 
prevailing type, viz., one large anal plate, with perhaps the addition of a few 
similar ones above it, completely filling the area. In Lecanocrinus macropet- 
alus, from the Niagaran group at Lockport, New York, we have a most charac- 
teristic example of this family—a rounded, ovoid crown, with a perfectly even 
surface, the rays and arms flat dorsally and in close contact throughout 
(Pl. III, figs. 1 to 19). It has a single very large plate rising above the level 
of the radials, and curving to a point between the rays, which abut upon it at 
either side and close over it in an arch. This plate is without depressions of 
any kind, and is entirely flush with the general curvature of the crown. In 
certain other species from the same locality and horizon, now referred to the 
new genus Asaphocrinus (Pl. IV), this plate begins to be depressed at the sides 
from the upper end down, so as to leave a ridgelike elevation in the middle 
quite resembling the base of our so-called anal tube, while the full dimensions 
of the plate are still retained. In some specimens of these forms we can see 
this median ridge continued by a second small rounded plate of the same form 
and size, the large anal having lost its pointed angle and become truncate to 
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support this new plate. Here we have the beginning of the armlike anal series. 
If the process is pushed a little further, so that the depressed lateral margins 
of the large anal plate become replaced by perisome, we shall have a complete 
Taxocrinus anal side, and our Lecanocrinus will have been transformed into a 
Gnorimocrinus. It is now very curious that the tendency is actually in this 
direction in regard to those other characters on which the two families have 
been separated; for along with these changes in the anal plate there appear 
marked depressions between the rays and their divisions, which become 
rounded, with strong tendency to divergence in the upper portions, and to long 
and delicate arms. I have described this as a modification from Lecanocrinus 
toward Gnorimocrinus. Of course, we do not know which way it really was, 
and it is quite possible that the process of modification was in the opposite 
direction. 

Which of these two plans was the primitive one we cannot determine from 
their paleontological history, as they both doubtless run far back into the 
obscurity of pre-Ordovician epochs. The earliest known species of undoubted 
Flexibilia type—Protaxocrinus elegans and P. laevis from the Trenton lime- 
stone—have the Tavocrinus anal side; and, as I shall show later on, the type 
was clearly derived from the Inadunata. The opposite anal plan, which is that 
of the Camerata, is represented in Cleiocrinus from the same horizon, which 
is perhaps a transition form with some flexible and some cystid characteristics. 
There is, however, to be considered the question whether the morphological 
differences which gave rise to this structure have not continued: to the present 
time in some of the Articulata; and we may, in that connection, venture an 
opinion as to their probable origin. 

Many of the modifications in the external form of the calyx were un- 
doubtedly due to differences in the position of the anus. If the gut issued 
from the visceral mass laterally, and remained there, the growing skeleton 
would not be greatly affected by its position, except in the production of 
bilateral symmetry by the tubelike structure. If it issued ventrally, and from 
the center of the disk at an early ontogenetic stage, the skeleton would not be 
influenced by it at all, but should have perfect pentamerous symmetry. Be- 
tween these two extremes there would be a wide range of variation in the out- 
ward form and arrangement of the anal side. And we may suppose that as 
the anus shifted from a very low, lateral position toward the margin of the 
disk, a series of tube plates would appear and gradually increase in number 
until the tube should become a distinct structure, or should lose its distinctive 
character by becoming suturally united to the rays with or without the inter- 
vention of other plates, like those of the other interbrachial areas. By the 
time the anus had moved well into the central part of the disk, where lateral 
support was unnecessary, all plates of the anal series would be eliminated from 
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the skeleton. Such shifting in the position of the rectum is a fact well known 
in the embryology of the Echinoderms,’ and it may be remarked that there are 
instances, both among the Camerata and the Inadunata, where the anus passed 
out through the test below the level of the arm-bases. A review of our knowl- 
edge of this movement of the rectum in the Recent crinoids will be useful at 
this point. 

Until recently, the only crinoid the larval stages of which we knew was 
Antedon, which has been the subject of elaborate and splendid researches by 
several distinguished and able investigators. The course of development of 
the anal plate in the larva of Antedon, as brought out by the works of these 
eminent men, lends force to the above suggestion. 

Sir Wyville Thomson’s account * of it is as follows: 

About the period of the development of the second radials, a forked spicule makes its 
appearance in one of the interradial spaces between the upper portion of two of the first radial 
plates. This gradually extends in the usual way till it becomes developed into a round, cribri- 
form, superficial plate. Simultaneously with the appearance of this “anal” plate, a caecal 
process like the finger of a glove rises from one side of the stomach and curves toward the 
plate. The plate increases in size, becomes enclosed in a little flattened tubercle of sarcode, 
and maintaining its upright position it passes slightly outwards, leaving a space on the edge 
of the disk between itself and the base of the oral plate immediately within it. Towards this 
space the caecal intestinal process directs itself. It rises up through it in the form of an 


elongated tubular closed papilla. The summit of the papilla is finally absorbed, and a patent 
anal opening is formed. 


And further, on p. 540: 


Upon the appearance of the second and third radial joints, the perisome between and 
somewhat above two of the first radials. rises into a rounded papilla, towards which a caecal 
process of the digestive cavity is directed. On the outer side of this papilla a branching spicule 
appears which rapidly extends into a round plate. This, the anal plate, grows, and afterwards 
thickens precisely on the model of the basal and oral plates. 

Dr. W. B. Carpenter continued the researches begun by Sir Wyville upon 
the development of Antedon rosaceus, and he has given,’ with most admirable 
illustrations, the complete history of the anal plate. For convenience I repro- 
duce a few of his figures—some on a different scale of enlargement—which 
will assist me in explaining the thought I have in mind. In quoting some parts 
of Carpenter’s description, I refer to the figures on my own plate instead of to 
his original numbers. He gives the following statement of the first appear- 
ance and subsequent history of this plate (p. 727): 


Between two of the radials, and on the same level with them, an unsymmetrical plate early 
shows itself, the subsequent relation of which to the vent proves it to be an anal plate (Pl. A, 


*Bury, H., Early Stages in the Development of Antedon rosacea; Philosophical Trans. Roy. Soc. 
London, Vol. 179 B, 1888, p. 294. 

*On the Embryogeny of Antedon rosaceus, Philosophical Trans. Roy. Soc. London, vol. 155, 1865, 
p. 520. 

* Philosophical Transactions Roy. Soc. London, 1866, pp. 671 ff. 
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ASST) a Simultaneously with the appearance of the anal plate, a slender digitate process 
rises from one side of the stomach and curves towards that plate; this constitutes the rudi- 
ment of the Intestine. 
This is at a very early stage. At a more advanced stage, shown by figures 2, 
3, Plate A, the account proceeds: 

The single anal plate originally interposed between two of the first radials (RR), being 
attached not so much to the neighboring plates as to the visceral mass, begins to be lifted out 
(as it were) from between them with the development of the anal funnel ; and the space left 


by it is partly filled up by the lateral extension of the two radials between which it was previ 
ously interposed, but which do not yet come into mutual contact (p. 732). 


And further : 

The anal funnel (Pl. A, fig. 2) is now a very conspicuous object, the anal plate (4+) which 
it bears on its outer side being altogether lifted out from between the two first radials which it 
originally separated (p. 734). 

The anal plate finally disappears altogether before the adult stage is reached, 
and the anus takes up its permanent position toward the margin of the disk. 

An important fact not stated by either of these authors, but which clearly 
appears from Dr. Carpenter's figure (op. cit., pl. 41, fig. 1), is that the anal 
plate does not abut upon the two radials equally, but has a closer relation to the 
right posterior radial, whose margin is inwardly curved for its accommoda- 
tion. In Sir Wyville Thomson’s figure showing the position of the anal plate 
and the caecal process from the stomach towards it (of. cit., pl. 27, fig. 1), the 
plate is represented as closer to the left posterior radial, and the intestine as 
curving to it from the left of the posterior interradius. This is contrary to all 
other observations of this plate and of the intestine, and leads to the suspicion 
that the figure may have been reversed in lithographing. 

The position of the anal plate in the same genus is also shown by Sars,* 
and its migration, as deduced from the works of the foregoing authors, is illus- 
trated by Bather in the Lankester Zoology, p. 122, Figure xxx, in which he 
has also shown the plate as abutting upon the radials by straight sutures, in- 
stead of encroaching upon the one to the right by a curved margin. 

In later years Dr. Th. Mortensen, of Copenhagen, has made important 
studies of the pentacrinoid stage of an Antedonid from Greenland, Hathro- 
metra prolixa, in which the position of the anal at the left of the right posterior 
radial is shown by an interesting series of figures.” As in Antedon bifida 
(vosaceus auctt.), the plate is first observed after the radials and incipient 
brachials have formed (op. cit., pl. 9, fig. 3). Mortensen’s observations are of 
particular value because his specimens were found in broods attached to the 
cirri of the parents, and he had before him several developmental stages; from 

1 Mémoires pour servir a la connaissance des Crinoides Vivantes, 1868, pl. 5, fig. 3. 


Report Echinoderms collected by the Danmark-Expedition at Northeast Greenland, 1910, p. 242; 
pls. 9, figs. 1-5; 11, figs. 1, 5, 6; 12, fig. 5. 
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his Stage I (pl. 9, fig. 1), in which the calyx consists only of basals and orals 
with no trace of radials, to Stage IV (fig. 4), in which the radials and brachials 
have become well established, and the anal plate is distinct—cutting into the 
left side of the radial by a curved border; and finally to Stage V (fig. 5) in 
which the radials have formed a closed ring and the arms have begun to 
branch. It is clearly shown by this independent material of an additional 
species of Antedonid, living remote from those previously investigated, that 
the so-called anal plate in that genus does not appear until after the radials are 
well under way, and then in a concavity at the left side of the right posterior 
radial. This is in complete agreement with the order of appearance of the 
plate as seen by W. B. Carpenter, Thomson, and Sars in two other species of 
the Antedonidae; and it is therefore probably the general rule in the family. 
The most recent investigations upon the pentacrinoid larva of the 
comatulids are those of Mr. Austin Hobart Ciark, whose extensive researches 
upon the Existing Crinoids, embracing collections of world-wide distribution, 
have given him unprecedented facilities for observation of structural details in 
specimens at different stages of growth. The results of his studies upon the 
so-called anal plate in the Recent forms throw important light upon its position 
and relations." He has examined “many hundreds of pentacrinoid larvae be- 
longing to numerous species distributed in several families.” Based upon 
these observations he gives the following account of the course followed by the 
anal plate during successive stages (quoting from the monograph, p. 331): 

In Antedon the so-called anal plate is formed, at about the period of development of the 
IBr,, between the two posterior radials ; but it is noticeable that while the radial to the left of 
it is of normal shape that to the right has its left side more or less cut away for its reception. 
When the “anal ”’ is lifted out from the circlet of radials just previous to its resorption it is 
noticeable that it keeps to the right of the posterior interradial area, remaining more or less 
in contact with the right hand radial and first primibrach instead of being drawn directly 
upward, as would be expected ; also the right radial is asymmetrical, more convex on the right 
side than on the left (adjoining the “ anal”), though after the withdrawal of the “anal” this 
asymmetry quickly disappears. 

The general tendency of the “anal” plate (of the young Antedon) to keep to the right 
of the posterior interradial area, though very strongly marked, does not appear ever to have 
attracted attention ; but it is nevertheless a fact of the very highest importance. 

In the young of Promachocrinus, in which the five infrabasals are large and equal in size, 
the ‘‘ anal” appears to be formed before any of the radials, occupying a position in the rhombic 
area between the corners of the basals and orals. Soon afterward the radial appears, just to 
the right of and in line with it, between the basal and oral of that side and to the right of the 
vertical line dividing the basals and orals. The radial grows much faster than the anal, 
which it gradually surrounds, so that the latter comes to lie in a deep concavity in the side of 


the radial to the right of it and to the right of the posterior interradius, well to the right of 
the midline of the posterior basal. Later this right hand. radial extends itself beneath the 


1On the Homologies of the so-called Anal and other plates in the pentacrinoid Larva of the free 
Crinoids, Jour. Washington Acad. Sci., vol. 2, 1912, pp. 300-314; Monograph of the Existing Crinoids, 1915, 
PP. 331-339. 
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“anal” and the concavity becomes straightened out and disappears, the “anal” concurrently 
being shoved diagonally forward (toward the left) and disappearing by resorption. 


After noting that in certain fossil groups there may be traced a progres- 
sive variation in the position of the radianal from a primitive position under 
the right posterior radial to an oblique position under the lower left-hand cor- 
ner of the radial, and finally to complete elimination, as shown by my paper of 
1906, he continues: 


The position of the so-called “anal” in the larvae of Promachocrinus, lying within a 
concavity in the lower left hand portion of the radial to the right of the posterior interradius, 
and its migration upward and toward the left, leave no room for doubt that the so-called 
anal of the pentacrinoid larvae is nothing more nor less than the radianal of the fossil 
forms (p. 332). 


He then discusses the case of Thaumatocrinus renovatus P. H. Carpen- 
ter, with its anal tube and a vertical series of plates to the left of it arising 
from an interradial in the posterior interradius (Pl. A, fig. 9a herein), and 
shows that Carpenter's specimen was the young stage of the normally 10-rayed 
Promachocrinus abyssorum; that the series of plates above mentioned repre- 
sents an arm similar to what he (Clark) has observed in some thirty 6-rayed 
specimens. His observations on this point are as follows (p. 338): 


The interesting Thaumatocrinus renovatus is the young of the species later described as 
Promachocrinus abyssorum (with which it was found associated) just after the resorption 
of the radianal and the formation of all of the interradials from which the five additional 
arms are commencing to grow. The posterior interradial arm as seen in the so-called 
Thaumatocrinus is the first to form, and is consequently larger than the others; but from 
the size of this posterior arm and the breadth of the interradials | suspect that smaller arms 
borne on the other interradials have been lost, as these interradial arms when small are 
extremely delicate. During growth the posterior interradial arm of Thawmatocrinus becomes 
reduplicated on all the other interradial plates, and all of the five interradial arms gradually 
increase to the size of the five primary arms (the extensive plating of the disk at the same 
time disappearing by resorption) so that the 10-armed Promachocrinus abyssorum results. 

Anal + in the fossil forms may be reduplicated in the form of a series of interradials, 
one in each of the interradial areas, and therefore, bearing in mind the greater perfection of 
the radial symmetry in the recent types, it does not surprise us to see the same thing in the 
recent comatulids. In some thirty 6-rayed specimens which I have studied the supernumerary 
ray is in all cases but two inserted behind the left posterior—that is, between the two posterior 
radials and receiving its ambulacra from the groove trunk to the left. It is impossible to 
interpret this otherwise than as the persistence and subsequent development of anal + in 
types in which the interradials, including anal +, are normally resorbed immediately after 
formation, exactly as it is developed in Promachocrinus and Thawmatocrinus. 


It is important to note, with reference to the development of the so-called 
anal plate in another family already alluded to and hereinafter to be described 
in detail, that according to all the foregoing statements the plate in Antedon is 
not developed until after the radials have formed and the primibrachs have 
begun to appear. 
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From the foregoing observations we see that the position and movements 
~ of the anal plate are not governed by its connection with other plates of the 
aboral side, but that they depend upon the shifting and development of the gut, 
to which it is at an early stage attached. And we can readily trace in the 
movements of the plate thus indicated striking analogies to some of the anal 
conditions observed among the paleozoic genera. 

Now we have in two great living types of the comatulids just such differ- 
ences in the position of the anus—though in less degree—as we have supposed 
to occur among the ancient forms; viz., that of Antedon being excentric, while 
that of Comactinia, Comanthus (Actinometra), and their allies, is substan- 
tially central. The excentricity of Antedon, while producing an anal plate in 
the larval skeleton, is not sufficient, or sufficiently persistent, to affect the form 
of the calyx in the adult, which in both types has perfect pentamerous 
symmetry. : 

We may also be warranted in supposing, from the observed course of 
development of the anal structures in the larva of the comatulids as above 
described, that the Taxocrinus plan represents the earliest and most primitive 
form, and that the modifications of this in paleontological time were those 
which tended toward the disappearance of the row of anal plates, with its 
border of perisome, and the substitution for a time of regular calyx plates 
suturally connected with the adjacent rays as in the Camerata. Hence the 
final outcome of the struggle from Paleozoic to Recent time was the survival 
of the original plan, and the suppression of the modified one. 

3. The third modification of the anal structures is that in which the anal 
plate has altogether disappeared, and it is merely a further extension of one of 
the preceding. This was accomplished in the Carboniferous, where in the 
genus Metichthyocrinus we have a crinoid with perfect pentamerous sym- 
metry, so far as the external skeleton shows. A genus in the Devonian, 
Synaptocrinus, reaches this stage, and two others in the Carboniferous— 
Wachsmuthicrinus in which traces of bilateral symmetry can be seen in the 
slightly larger size of the posterior basal, and Nipterocrinus in which the pen- 
tamerous symmetry seems to be perfect. This modification apparently did not 
greatly influence the history of the group. 

c. The first modification in the brachial system—i. e., in the number of 
primibrachs—has already been described and discussed as to its details. There 
can be little doubt that the primitive form in this respect was that with two 
primibrachs. It is that of the comatulid larva, and it prevailed almost ex- 
clusively in the Silurian. The few cases in which there is but one primibrach 
may be explained by the syzygial union of two of the primitive brachials, just 
as happens in some species of the living Antedon, without changing the funda- 
mental plan. The addition of another primary brachial simultaneously in all 
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of the rays, producing the 3 [Br structure, cannot be explained in any such 
way, and the occurrence of this form in the Silurian is so limited and excep- 
tional that it may scarcely be said to have had a beginning before the Devonian. 
It is clearly the successor of the first one in the Paleozoic. The 2 [Br structure 
continued from the Ordovician through the Devonian and Carboniferous, with 
constantly diminishing importance. The 3 [Br structure, on the other hand, 
having barely made a beginning in the Silurian, shows a steady increase 
through the Devonian and Carboniferous, and prevailed exclusively in the 
Warsaw, St. Louis, and Kaskaskia in the genera Forbesiocrinus, Taxocrinus, 
and Onychocrinus, with a slight tendency in Taxocrinus of the Kaskaskia to 
reversion to the original form. In the latest and most extravagant genus of 
the group, Onychocrinus, it shows a tendency to further development by the 
addition of another brachial, not sporadically but constantly as a well-defined 
character among species. From the tenacious grip that this structure had 
upon several of the strongest genera it must be regarded as a morphological 
change of much importance, strongly affecting the phylogenetic history of the 
group; but yet subordinate, in my opinion, to the great differentiation of the 
anal structure, and therefore not available for defining large divisions. 

The second brachial modification is marked by interesting changes in the 
mode of branching of the rays above the first axillary, from a more or less 
regular division of the rays by successive bifurcations—dichotomy—to one 
into large main branches, or arm-trunks, bearing ramules on one or both 
sides—heterotomy. Both were established in the Silurian, and continued 
through the Devonian and Carboniferous, and were in force, side by side, in 
the genera Taxocrinus and Onychocrinus at the close of the Subcarboniferous 
in the Kaskaskia. The dichotomous plan, which was probably the primitive 
one, was by far the most prevalent throughout; and the heterotomous plan was 
a modification which, while it ran parallel to the other to the end of the group, 
did not supplant it. The differences arising out of this modification afford very 
good characters for generic distinction. 

d. The modifications in the plates of the interbrachial areas might properly 
have been considered in connection with those of the anal side, inasmuch as 
they all belong to the system of supplementary plates as distinguished from 
that to which the brachials belong. Sir Wyville Thomson was led by his re- 
searches on the embryology of Antedon* to regard the skeleton of the crinoid 
as composed of two systems of plates, which he states to be thoroughly dis- 
tinct in their structure and mode of growth. These he designated as the 
Radial, and the Perisomatic, systems of plates. The former is distinguished 
by being chiefly made up of a peculiar fasciculated tissue of parallel rods, while 
the latter commence as simple cribriform films imbedded in the outer layer of 


+ Philosophical Transactions Roy. Soc. London, 1865, p. 540. 
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the perisome, and thicken by a repetition inwards of the same diffuse areolar 
tissue. The Radial system he considers to include the joints of the stem, the 
centrodorsal plate, the radial plates, and the plates of the arms and pinnules, 
or brachials. To the Perisomatic system he refers the plates sometimes seen 
between the second radials, and any other plates of the cup or disk. 
Dr. Carpenter,’ while not agreeing altogether with Sir Wyville as to the 
grounds of differentiation of these plates, substantially recognizes the two 
systems of Radial and Perisomatic plates as defined by him, except that he 
ranks the basal plates with the former instead of the latter. 

As before stated, Wachsmuth and Springer divided the plates of the 
crinoid skeleton into primary and supplementary plates; the former including 
the stem ossicles, infrabasals, basals, radials, brachials, orals, and amtulacrals, 
and the latter the anal, interbrachial, and interambulacral plates. According 
to either of these groupings of the plates the anals and interbrachials fall 
under the same category. It was also demonstrated by Wachsmuth and 
Springer * that all plates interposed between the rays, from the basals to the 
orals, whether interbrachial or interambulacral, belong morphologically to the 
same element. Hence it follows that if in the growing crinoid certain spicules 
of the ventral perisome developed into well-defined plates, which remained 
permanently in a definite position in the axils between the radials or brachials, 
they would become the interbrachial (or interradial) plates as we know them; 
so that whether a certain form has interbrachials or not depends upon the 
extent to which the perisome has developed between the rays and their divi- 
sions. The influence of the varying development of these plates upon the 
classification of the group has been sufficiently discussed in the chapter on 
Morphology. 

There is another modification not suggested by anything apparent in the 
primitive type, but affecting the general form and habitus of these crinoids in 
a way that is of considerable practical importance. Anyone who has had occa- 
sion to arrange the fossils of this group cannot help being struck by the pres- 
ence of two general types. One is marked by the tendency of the calyx and 
arms to form a globose, ovoid, or pyriform crown, in which the arms lie in 
close contact—although in some genera the lower part of the rays are 
separated by wide interbrachial areas, above which they come together again. 
In the other, on the contrary, the tendency is toward a spreading crown, caused 
by the increasing divergence of the rays upward. In the first the plates of the 
rays and arms, and the intervening interbrachial structures when present, are 
for a considerable distance up more or less flush with one another exteriorly, 
so that the general curvature of the crown is but little interrupted. In the 


 [bid., 1886, p. 742. 
? The Perisomic Plates of the Crinoids, Proc. Acad. Nat. Sci., Philadelphia, vol. 42, 1890, pp. 345-375. 
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second the rays and their divisions are rounded exteriorly, and the inter- 
brachial spaces relatively depressed, so as to emphasize the appearance of 
divergence above alluded to. 

There is not the slightest difficulty in distinguishing between such forms 
as Lecanocrinus on the one hand, and Taxocrinus and Onychocrinus on the 
other, by the above character. But there are occasional species otherwise char- 
acteristic of the first group, which are rather deeply furrowed between the rays 
and arms, and some of the second whose arms are habitually rather closely 
packed together, which we could not so readily assign to their respective 
groups, except for their evident connection with related genera whose charac- 
teristic species fall within them without any trouble. There are also a few 
forms which we are inclined to transfer from the group which they super- 
ficially resemble, because of some peculiar association of other characters which 
indicate a probable closer relationship elsewhere. 

Now I confess myself unable to point out any satisfactory morphological 
basis for the difference in habitus between these two divisions, and I have 
much doubt as to its structural importance. Yet it is so constant and well 
marked in many cases, and affords such a palpable and convenient means of 
separation in this perplexing group, that we find it of some use in our classifi- 
cations. Both forms existed in the Silurian, and continued into the Car- 
boniferous; the first one greatly diminished and ending in the Burlington 
limestone, and the second continuing with increasing importance to the end of 
the Lower Carboniferous. The first division comprises a little group of rare 
genera, mostly confined to the Silurian, but with evident descendants in the 
Devonian and Carboniferous; they are mostly of small size. In the number of 
primibrachs and the absence of interbrachials they fall together nicely, and in 
the structure of the anal side they represent, for the most part, an earlier stage 
of development of the Sagenocrinus plan than those of the other division. The 
second division, with the divergent arms, embraces genera of both forms of 
brachial modification, and also the two leading types of anal structure. It 
appeared in the Silurian, and steadily increased to the close of the Kaskaskia, 
where it is represented by its most conspicuous example, Onychocrinus. 

It is evident that most of the modifications above considered have influ- 
enced the line of succession from the primitive type of this group, and its - 
separation into subordinate divisions. Each of them is doubtless a factor 
entering into the classification that nature has made—though of very different 
values—and the probability is that every natural division which has been pro- 
duced is a composite, the resultant of the interaction of two or more of these 
tendencies to modification upon independent lines. Just how much influence 
each has had in fixing the line of succession we have no means of determining. 
It is possible to arrange the genera upon the basis of either one of the leading 
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morphological changes I have mentioned; but whichever is selected for this 
purpose, we find our arrangement more or less disturbed by some of the others. 
For example, a fairly satisfactory arrangement could be based upon the modi- 
fication of the primary brachials, which would correlate quite well with other 
characters, if it were not for the fact that this would throw Sagenocrinus and 
Forbesiocrinus into different families; whereas the connection between these 
genera is so evident, and the line of descent so probable, that any scheme which 
compels their separation is unacceptable. We cannot, of course, represent lines 
of descent in space of two dimensions, so that anything in the way of a 
diagram or table would be imperfect, even if we knew all the facts. Still less 
is it practicable when many of the relationships rest wholly upon conjecture. 

In some groups of the crinoids family divisions are most sharply marked. 
No one need ever be in doubt, from inspection of the calyx alone, whether a 
Camerate crinoid belongs to the Rhodocrinidae, Melocrinidae, Actinocrinidae, 
Batocrinidae, Platycrinidae, or Hexacrinidae. This cannot be said of the 
Flexibilia. By reason of the fundamental difference in construction of the 
two groups, there 1s not in the latter that sharp demarcation between calyx and 
arms which is so characteristic of most of the Camerata. Here, on the con- 
trary, in by far the greater number of the genera, the calyx passes into the 
arms by imperceptible gradation, so that in the fossil state, being usually un- 
able to see any part of the tegmen, we cannot tell with certainty where the 
calyx ends and the free arms begin. The different modifications of this struc- 
ture also shade into one another by various transitions, so that groups of 
family rank may be formed, as above stated, which differ somewhat according 
to the character which is taken as the basis of division. 

Nevertheless, it seems possible to form a reasonable opinion as to the 
relative importance of the characters as the basis for large divisions: 

1. The differentiation of the anal area, being completely developed in the 
earliest Silurian, and continuing almost to the end of its history, may be taken 
as marking the most primitive division of the group. It evidently dominated 
the lines of descent throughout, and should therefore be accorded first impor- 
tance in the definition of families, all others being subordinate modifications 
affecting one or the other of these lines, but probably not interrupting them. 

2. The presence or absence of interbrachials affords a useful basis for 
subordinate divisions. 

3. The differentiation of the brachial system in the number of primary 
brachials, although evidently affording characters of much importance, is one 
which has impressed itself with varying force upon the two primitive lines, 
and not in parallel progression. It may be assumed to be a subordinate modi- 
fication, marking the limitations of genera, and perhaps of sub-family divisions. 
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4. The difference in general form and habitus, while not explainable upon 
any known morphological ground, and therefore with our present knowledge 
apparently of less value than either of the foregoing, nevertheless furnishes 
a ground for division which is of some practical importance in the construction 
of a table, and it may therefore be given a rank in our classification perhaps 
higher than it at present logically deserves. 

The other modifications are so palpably limited in their effect upon the 
history of the group that they need not be considered except in the separation 
of genera. I do not believe that the distal arm structure is a good character 
for the definition of families. It appears in parallel successions in other groups 
of the crinoids, from more or less equal branching to radial extensions in the 
form of main arm-trunks or branches bearing subordinate ramules. This is 
conspicuously shown among the Camerata in several of the best defined fami- 
lies, viz., in the Rhodocrinidae from Rhodocrinus to Rhipidocrinus; in the 
Melocrinidae from Glyptocrinus to Melocrinus; in the Actinocrinidae from 
Actinocrinus to Steganocrinus; in the Platycrinidae from Platycrinus to 
Eucladocrinus; and-in the Hexacrinidae from Arthracantha to Hexacrinus. 
Yet there can be no thought of questioning the arrangement of those clearly 
defined families on account of such arm characters, or for contending that they 
represent anything more than a minor variation. 

The arrangement of which I am at present in search is one for practical 
utility, that will facilitate the study of this group; and I am not attempting to 
express fully the phylogenetic relations of the various forms even as I might 
conceive them to be, although I have tried to recognize some of the evident 
lines of descent. Taking as a basis the primitive differentiation of the anal 
system, the Flexibilia may be divided into two groups, and the first of these 
may be again divided upon the infrabasal development, the interbrachial sys- 
tem, and the general form and habitus. This will give two main divisions, 
A and B; and three subdivisions under A. In this way the known genera of 
the group—with the exception of some transition forms whose place is difficult 
to assign—will fall into four family divisions, which differ from one another in 
various degrees, accordingly as one or the other character is given the greater 
importance. Each division or family contains further groupings of genera 
based upon some of the other characters, which might be given subordinate 
designations according to differing notions of their value. 

This might be considered an imperfect attempt to work out the resultant 
of the several modifications which I have mentioned, and it necessarily encoun- 
ters difficulties which can be evaded only by some arbitrary—and perhaps tem- 
porary—disposition of the disturbing elements. As to these no scheme will 
ever be perfectly satisfactory, and there will always be some shifting of opin- 
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ion by different observers, and even by the same observer from different points 
of view. For instance, some of the characters cannot always be given the same 
order of precedence in the tables. If we had genera showing every possible 
combination we have discussed, it might be practicable to construct a table with 
some uniform order of sequence. We do not, however, find all such combina- 
tions, and it is quite conceivable that they were never all accomplished. But 
it is also to be confidently expected that some additional ones will yet come to 
light, and we can readily point out vacancies remaining to be filled by future 
discoveries. 

The most important difference between the present and former arrange- 
ments lies in the separation of Lecanocrinidae from Ichthyocrinidae, conse- 
quent upon the discovery of the true dominating character of the latter, viz., 
the suppressed infrabasals. The recognition of this relation cleared up the 
most troublesome question that I had previously encountered in the classifica- 
tion of the Flexibilia. 
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ON THE ONTOGENY OF SOME RECENT CRINOIDS BEARING UPON THE 
PHYLOGENY OF THE FLEXIBILIA 


I have long had a suspicion that in the comatulid genus formerly called 
Actinometra there might be possibilities of new information touching larval 
growth, for comparison with developmental phases of the ancient crinoids, 
more satisfactory than that obtained from Antedon, the only crinoid whose 
larval stages have been heretofore known—a genus which, as has been re- 
marked by Agassiz * and myself,’ and later by Clark,* is not a typical repre- 
sentative of the class, and hence, as Mr. Clark remarks, one of the least 
satisfactory for purposes of phylogenetic investigation. As long ago as 1901, 
in my memoir on Uintacrinus just cited, when discussing the possible effect 
upon the calyx of changes due to the movements of the rectum, I said on p. 56: 

It would be a most important thing if somebody could work out the life history of 
Actinometra, as W. B. Carpenter, Wyville Thomson, and Bury have done for Antedon. 
There are several species which seem to be sufficiently littoral in habitat to make this practi- 
cable. The “ pentacrinoid ” stage of Act. meridionalis has been seen. 

And at several times since then | have made plans for such an investiga- 
tion which for various reasons always fell short of execution. Recently, how- 
ever, I had the extraordinary good fortune to come into possession of a brood 
of “ pentacrinoids ” of the identical species above mentioned taken on the coast 
of Yucatan. They form a series ranging from the sessile pre-brachial stage to 
that in which the orals are resorbed, all permanent elements of the skeleton 
fully established, and the stem discarded for a free existence. Upon examin- 
ing them under a microscope it was clear that we had in these young 
comatulids the evidence of a course of development in oral, interradial, and 
anal structures considerably different from that seen in Antedon, and which is 
analogous in an extraordinary degree to the condition and progressive modifi- 
cation of these structures in the fossil Flexibilia. To accurately determine the 
different stages exhibited by these specimens, and make drawings for such as 
might be desired for illustration, involved a laborious investigation with tech- 
nique in microscopy which I do not possess. But this has been accomplished by 
my assistant, Dr. Herrick E. Wilson, with patience and skill to which the three 
plates of figures, A, B and C, bear ample testimony, and for which I wish to 
here record my acknowledgments. I have thought it more satisfactory to 
reserve the description of this new material, which has a direct bearing upon 


ok See 
1 Calamocrinus, Mem. Mus. Comp. Zoology, Harvard, vol. 17, no. 2, 1892, p. 52. 
2 Uintacrinus, ibid., vol. 25, no. 1, 1901, p. 38. 
8 Monograph of the Existing Crinoids, 1915, p. 331. 
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several of the elements already discussed, for a separate chapter in which its 
relations to the former matters may also be explained. 

There are in all 200 specimens of the larvae, which were found clinging to 
the cirri of several young individuals of Comactinia (Actinometra) meridion- 
alis, a widely distributed littoral species. They show almost every stage, from 
that of a nearly closed cup of basals and orals with faint incipient radials and 
a long, tapering stem, through development of anal, radial, and interradial 
structures, arms, pinnules and cirri, to those of diminution and ultimate re- 
sorption of orals and interradials and loss of stem. A series of specimens has 
been selected for figuring to represent the various phases of this development, 
to which I have added for comparison an adult specimen from another locality 
(Plates B and C). The minute “ pentacrinoids,” from .31 to 1.85 mm. in 
diameter of calyx, were attached to the cirri of the host by the usual flat, 
encrusting plate (Pls. B, fig. 6; C, fig. 7), similar to that of the fossil Calpi- 
ocrinus (Pl. VII, fig. 1a) and Tavocrinus (Pl. L, fig. 1). Some of them have 
already been figured by Mr. Clark in his Monograph of the Existing 
Crinoids—see on p. 317, figures 408 and 412; plate 4, figure 548. 

The outstanding difference in the development of this type from that of 
Antedon lies in the position, size, and much greater sweep of migration of the 
radianal, and in the prominence of the anal tube—both evidencing the great 
importance of the movements of the intestine in producing changes in the form 
and composition of the calyx, as indicated in my paper of 1906, already quoted. 
And in these characters the analogy between the larval stages of this living 
crinoid and the successive phylogenetic modifications of the group Flexibilia is 
most remarkable. It will be remembered that in W. B. Carpenter’s account of 
the growth of the calyx in Antedon rosaceus the so-called anal plate was first 
observed to appear “ between two of the radials, and at the same level with 
them.” That is the position shown in Sir Wyville Thomson’s figure * of its 
first appearance as observed by him; and in none of the researches upon species 
of that genus has this plate been noted as beginning in any different position. 
In the present material, however, we shall see that it appears in a far more 
primitive position. 

Our series of Comactinia larvae begins (PI. B, fig. 1) with a calyx com- 
posed almost exclusively of basals and orals, the latter closed and standing 
quite erect; and a stem with ossicles lengthening distally, on which cirri have 
not begun to appear. The plates at this stage consist as usual of a thin cal- 
careous reticulation formed by spicules imbedded in undifferentiated sarcode; 
later this reticulation progressively consolidates, thickens, and becomes a less 
and less porous skeletal substance. Very small patches of stereom, which are 
the beginnings of radials consisting of a few spicules, have appeared in the 


1 Philosophical Transactions Roy. Soc. London, 1865, p. 529, pl. 27, fig. 1. 
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rhombic spaces between the corners of basals and orals; but in one of these 
spaces the radial is wanting, and in its place there is a somewhat larger plate 
similar in composition to the others, which is attached * to the anal end of the 
intestine, now plainly visible at the outer surface of the calyx. This plate is 
the radianal, which now lies in the position which the radials occupy in the 
other areas, being at the foot of the area to be occupied by the right posterior 
ray. This position, therefore, is essentially that which is held by the radianal 
in the earliest genera of the Flexibilia, Protaxocrinus, Ichthyocrinus, etc., 
called the primitive position; and it 1s also the position indicated for the primi- 
tive radianal in my hypothetical figure of 1906 before mentioned (Pl. A, 
fig. 7). The anus is also in the position which it permanently occupied in some 
Paleozoic genera of the Inadunata, viz., the zone of the basi-radial sutures. 
In this first specimen the calcareous reticulation is so thin and translucent that 
by transmitted light the complete alimentary system is plainly visible, consist- 
ing of the oesophagus, stomach, and dextrally coiled intestine, as shown in the 
figure, which will be more fully described presently ; the closure of the orals has 
compressed the mouth of the oesophagus so that its margin appears crenate or 
folded. ; 

There are two specimens in which this stage is distinctly shown, and it 
may for convenience be called the “Actinometra stage.” The second specimen 
is shown in Plate B, figure 2a; in this the orals, while of the same relative size, 
are slightly parted and the oral tentacles project between their summits but 
have not yet branched; as in the first specimen the radial of the right posterior 
ray has not appeared, but its place is occupied by the radianal attached to the 
eut. Although the projecting tentacles make this specimen appear the more 
advanced, the radianal is smaller than in the other one; the difference is due to 
the slight opening of the orals, which stretches the mouth so that its upper 
edge is without wrinkles (fig. 20). 

In the next stage represented (PI. B, fig. 3) the right posterior radial has 
appeared, and beneath it to the left is the rapidly enlarging radianal attached 
to the gut, which is still visible through the thin reticulate stereom of the 
calyx wall just below the anal opening. The disparity in size between the two 
plates is important as tending to confirm the antecedent appearance of the 
radianal in the first stage, and its status as an independent element. The aper- 
ture of the gut is here very distinct, and the intimate attachment of the plate 
to the gut just below the opening is evident. 


+ While there is probably no direct attachment of the radianal to the hind gut, except that it lies close 
. to the anus in the sarcode that is attached to the gut, the word “attached” is used here and throughout 
this discussion to express the intimate degree of association between the radianal and the hind gut, which 
in behavior is more that of attachment than of association. 
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In figure 4 the radials have notably increased in size, and above them at 
the base of the tentacles may be seen two small disconnected plates which are 
the beginnings of the first and second primibrachs; the radianal is enlarged to 
a smaller degree, and it lies to the left of the radial which now begins to curve 
around it toward the middle of the posterior basal, as in Lecanocrinus and 
Gnorimocrinus; the gut has become concealed behind the radianal except at the 
opening which is visible at the apex of that plate. The radianal is now in the 
stage of its first appearance in Antedon before mentioned, as described by 
Carpenter, Thomson, Mortensen and others, and this may appropriately be 
called the “Aniedon stage.” 

The next stage is represented by figures 5a and 5b, posterior and anterior 
views. The radials have enlarged until they almost come into lateral contact 
except posteriorly; the two primibrachs have thickened and become connected 
with the radial and with each other, the second one being an axillary covering 
the base of the tentacles, now three in number; basals and orals have become 
relatively smaller owing to the superior growth of the radials; and the radianal 
is about on a level with the radial to the right of it, indenting its left side and 
still touching the sloping shoulders of the posterior basal, comparable to its 
position in Forbesiocrinus and Taxocrinus. In the triangular spaces between 
the radials and orals small plates appear which are readily recognized as the 
interradials, formed in the same manner as other calyx plates; their position 
is such that if they should develop downward to a connection with the basals, 
there would be produced an interradial system like that of the Rhodocrinidae, 
and if upward, as they actually do, like that of the Taxocrinidae. The orals 
now exhibit rather distinct pores distally which may be analogous to those seen 
in Holopus (Pl. A, fig. 8), and in the posterior oral alone of Onychocrinus and 
other Flexibilia. ; 

A specimen at about the next stage with complete stem as it appears at- 
tached to a cirrus is shown by figure 6 of Plate B. In this and succeeding 
stages shown by figures 7, 8a, 9, 10, of Plate B, and ta, b, of Plate C, the 
radials increase in size until they greatly exceed the basals, which now form a 
low and nearly horizontal basin; the interradials have been pushed upward by 
the radials meeting below them, and have increased in number from I to 5 
or 6 in the regular areas and bordering the radianal as well, where they pass 
over into the plates of the heavily plated integument which is extended upward 
into a large conical protuberance, now definitely constituting the anal tube, 
analogous in form and position to that of the Taxocrinidae; the gut has con- 


tinued to extend itself upward, until its opening is now at the apex of the. 


conical projection rising far above the orals, which by the multiplication of 
interbrachial plates are now being more and more separated from the dorsal 
cup and relatively reduced in size; the radials have met and form a closed ring; 
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solidly calcified arms have replaced the tentacles, and short stumps of cirri 
have appeared upon the proximal columnal. Thus all the various elements of 
the crinoid skeleton are now represented, with the single exception of the 
pinnules. Figure 8b is a lateral view of the original of figure 8a, showing the 
extreme distortion of the calyx caused by the bulging of the gut. 

The stage represented by figures 1a, b, of Plate C is of special interest as 
showing the condition reached by the oral plates. These now form a low 
pyramid around the mouth, reduced by relatively one-third from their former 
size, and disconnected not only from the basals by the large radials which have 
closed into a complete ring, but from the radials themselves by the extension 
of a band of interradial plates which tend gradually to pass over into the peri- 
some. It is substantially the stage represented by the tegmen of Holopus 
(Pl. A, fig. 8), of the young Thaumatocrinus (fig. 9b), and of the adult 
Ptilocrinus (Pl. LXXV, fig. Ic). 

From this time on the resorption of the orals rapidly proceeds, and con- 
currently with it is seen a growing differentiation between the interradials and 
the ventral integument, which is more and more transformed into undiffer- 
entiated perisome. The resorptive process also involves the radianal, which 
has now been left far behind by the protruding anal tube, and is actually as 
well as relatively diminished in size; the same relative decrease is true of all 
the dorsal elements of the calyx, which have become nearly flat and collectively 
serve merely as a shallow saucer for the support of the visceral mass. 

These conditions are shown by figures 2a, b and 3a, b, of Plate C, in which 
the pentacrinoid is almost ready to cast off its stem, prehensile cirri having now 
developed to a length of 7 or 8 segments, with strong terminal claws suitable 
for fixation; pinnules of considerable size have also made their appearance; 
the ventral perisome, still further expanded, is now studded with a multitude 
of indefinite plates, from which the interradials are well differentiated though 
reduced in number and evidently in process of resorption; ambulacral grooves 
have appeared, traversing the perisome from the arms to the mouth, and pass- 
ing in between the orals which are now reduced to very small triangular plates 
(Pl. C, fig. 3b), the posterior plate in this view being hidden by the anal tube 
which has become still more conspicuous and rises high above the general level 
of the disk. The radianal is now entirely above the radial circlet and no longer 
forms a part of the dorsal cup; the perisome at this stage is covered with a 
sort of velvety coating in which the numerous small plates are difficult to dis- 
tinguish, and it is evidently on the verge of transformation into the granular 
skin of the adult stage from which all plates ventrally situated, including inter- 
radials and radianal, have been completely resorbed. The stage thus repre- 
sented by figures 3a, b of Plate C is identical with that of the Paleozoic 
Onychocrinus, but lacking the greatly enlarged and madreporic posterior oral, 
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which is a feature not yet discovered in any Recent crinoid. With that excep- 
tion the tegmen of this comatulid larva might almost be taken to be of the 
same genus as those figured on Plates LX VII and LX VIII. 

The radianal, after being left far behind by the rectum when carried up- 
ward with the anal tube, is resorbed along with the interradial plates, from 
which in the later stages it scarcely differs, as is shown by figure 4 of Plate C, 
a dorsal view of a specimen which has cast off the stem (the cirri beyond their 
stumps being omitted in the drawing). 

It will be observed in this figure that the basals are no longer visible, hav- 
ing been fused into the “rosette”; the orals in the stage represented by this 
specimen have also vanished. Thus it results that the two rings of plates which 
at the beginning of the series composed practically the entire calyx have now 
completely disappeared; and instead of the globose cup which enclosed the 
viscera in the youngest larval stage, there remains only a flat basin, serving as 
a mere support for the relatively greatly enlarged visceral mass. 

To show the final outcome of the changes above described, I have figured 
the tegmen of an adult specimen of the same species (PI. C, fig. 5). All that 
is left of the several ventral structures is the granular skin, subcentral anal 
tube somewhat flattened by shrinking, and the exocyclic mouth with the asym- 
metric ambulacra, both permanently displaced by the pressure of the rectum. 

The origin and development of the radianal as shown in the Comactinia 
series is paralleled in a series of Promachocrinus kerguelensis, loaned me by 
Mr. Clark out of a set of larval forms studied by him from the collection made 
by the German South Polar Expedition near Gaussberg, in the Antarctic, and 
now in his hands for investigation. I have figured a few of the specimens, on 
account of the decisive way in which they reinforce the foregoing observations 
and conclusions (PI. A, figs. 10-14). The series begins with the pre-brachial 
stage like our Comactinia (figs. 1 and 2), in which the radials have just begun 
to form as small dots, but in this case all the radials have appeared, that of the 
right posterior ray being smaller than the others and the radianal much larger, 
having already passed to the left of it. From the great difference in size of 
these incipient plates it seems probable that the radianal, as already suggested 
by Mr. Clark, actually developed before any of the radials were formed. In the 
several stages which follow, the radianal does not increase to the relative size 
which it attains in Comactinia; but it runs a similar course until it is lifted out 
from the ring of radials by the growth of the anal tube, and the interradial 
spaces have become occupied by the interradial radials characteristic of this 
genus. It must be remembered when examining the figures here given that 
they do not represent the true relative sizes of the specimens; for convenience 
they are drawn of about the same general dimensions, but for the actual rela- 
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tion between them as to size attention must be given to their accompanying 
signs of enlargement. 

The anatomical processes by which the foregoing changes in the larvae 
of Comactinia (Actinometra) are accomplished, as contrasted with those in 
Antedon, are as follows: 

Observation by transmitted light of two specimens in the early prebrachial 
stage (PI. B, figs. 1, 2b), confirmed by dissection of another, shows that the 
alimentary canal consists of a mouth, surrounded by a narrow lip from which 
the oral tentacles spring; a short, broad, funnel-shaped oesophagus; a hori- 
zontal portion distended transversely resembling the human stomach, into the 
larger end of which the oesophagus opens; and a slender intestine ending 
blindly which originates from the smaller left end of the stomach, makes a half 
twist and coils dextrally around it. This simple alimentary system is loosely 
suspended in the coelom by threads and lamellae of connective tissue, and is in 
contact with the inner wall of the cup only at the mouth and the posterior end. 
The intestine in its development has coiled dextrally around the stomach, then 
turned obliquely upward towards the posterior interray; the upward turning 
having started near the middle of the anterior border of the right-posterior 
basal, and ending in this stage with the formation of the anus slightly to the 
right of the posterior interradial plane, on a level with the distal margins of 
the incipient radials. The upward bend of the intestine, which appears) in the 
posterior interray of Antedon shortly after the “Antedon stage” is reached, 
in this form does not come to lie in the posterior interradius until a very much 
later stage of development. Dissection at the stage of figure g shows the 
upward turn still to the right of the posterior interray. As the cup expands 
laterally and vertically the intestine also expands, but growing more rapidly 
than the calyx soon fills the body cavity. The radianal, formed previous to and 
just below the anus, is parallel to the intestine at that point, and evidently very 
firmly attached to it," as shown by its subsequent migration. The upward 
growth of the cup and the concomitant dextral growth of the intestine carry 
the radianal and the anus upward and into the plane of the posterior inter- 
radius; which by reason of the retirement of the oral distalward is the path of 
least resistance. When the portion of the intestine to which the radianal is 
attached comes to lie in a vertical position along the plane of the posterior 
interray the radianal is completely withdrawn from the radial circlet, and rests 
equally upon the truncated, disto-lateral margins of the posterior radials (Pl. B, 
fig. 10). Its migration follows the upward and dextral growth of the intes- 
tine, which does not bend sharply upward along the posterior interray; the 
radianal for a considerable time holds closely to the right-posterior radial, thus 


*See foot-note, p. 81. 
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causing inhibition of its lateral growth and its peculiar asymmetrical develop- 
ment (Pl. B, fig. 8a). The path of this migration is indicated by the dotted 
line in figure 6 of Plate C, and the course of the plate is also that of the anal 
end of the intestine to which it is attached. If on the figure of the primitive 
Protaxocrinus (Pl. XLVI, fig. 8b) a line is traced from the radianal to the end 
of the tube, it will be found to follow the same course. 

The course of the radianal in the successive stages shown by this series 
of comatulid larvae is closely paralleled by its position at corresponding stages 
in the phylogeny of the Paleozoic crinoids, especially the order Flexibilia. 
Figures 1 and 2, Plate B, with the radianal at the base of the potential right 
posterior ray, are analogous to the stage of the Ordovician and Silurian 
Protaxocrinus, Ichthyocrinus, Clidochirus, etc.; figures 3 and 4, obliquely be- 
low and to the left of the radial, to that of the Silurian Lecanocrinus and 
Gnorimocrinus; figure 5, in the notch between the right sloping face of the 
posterior basal and the radial, to that of the Carboniferous Forbesiocrinus and 
Taxocrinus; figure 7, midway between the two posterior rays and sym- 
metrically truncating the basal, to that of the so-called anal + in the Devonian 
and Carboniferous Dactylocrinus and Mespilocrinus; while specimens in the 
stage of figure 5, Plate C, with all anal structures eliminated from the dorsal 
cup, represent that of the Carboniferous Nipterocrinus and Wachsmuthicrinus. 
And throughout the series of larval changes there is to be observed the same 
tendency of the anal structures to bend to the right which, as I have before 
pointed out, prevails among the genera of the Flexibilia. Even in the tegmen 
of the adult there is not perfect symmetry. i 

I have called the migrating plate the “ radianal,”’ following the course of 
Mr. Clark already quoted,’ which was the result of conference between us, 
because it seems to be perfectly homologous both in position and function with 
the plate of that name in the Flexibilia and many of the dicyclic Inadunata of 
the Paleozoic crinoids, at least up to the stage in which it assumes the function 
of the symmetrically located first plate of the median anal series. We know 
that in our comatulid larvae this plate is not replaced or changed in any re- 
spect except by its migration and ultimate resorption, because it is fixed to the 
gut, and is lifted with it by the upward growth of the tegmen from its point of 
origin to its latest position. But in the phylogeny of the fossil forms the per- 
manent fixation of interradial plates in some of them introduced another ele- 
ment, which would have to be accounted for in the posterior interradius as well 
as in the regular areas, and an intermingling of characters with the radianal 
may have resulted. 

It is thus clearly demonstrated that these great morphological changes are 
due mainly to the growth of the gut and its mode of discharge, phases of which 


4 Jour. Washington Acad. Sci., 1912, p. 310, 311; Monograph of the Existing Crinoids, 1915, p. 332. 
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when fixed paleontologically become the strongest characters for the delimita- 
tion of genera. That in some of the fossil stages the radianal plate became 
fixed in its primitive or early position, and did not follow the distal end of the 
gut in its growth, might on first thought seem a singular fact, but it is no more 
so than the fact that the two structures part company when the radianal is left 
behind in the larva. 

Recalling now the descriptions of the origin of the radianal, or the so- 
called anal plate, in dntedon and Comactinia as given in the foregoing pages, 
which I have called the “Antedon stage” and the “Actinometra stage,” re- 
spectively, it will be observed that we have in these two types stages of anal 
development comparable to those of important contrasting fossil groups both 
in the Flexibilia and the Inadunata:—the Antedon stage to that of the median 
anal series of the Cyathocrinidae and some of the Silurian and Carboniferous 
Flexibilia, and the Actinometra stage to that of the more primitive Dendrocri- 
nus, Protaxocrinus and Lecanocrinus groups. Apparently the Antedon stage 
is characteristic of a considerable group among the Recent crinoids, since we 
have proof of it in at least two widely different species. The Actinometra 
stage is as yet strictly known in only one species, the development of Promach- 
ocrinus (which is classed among the Antedonidae) being a little different in 
detail from that of the others. 

The relations of the medially situated anal plate in Antedon are by no 
means clear, and there is strong reason for doubting if it can be placed’ in the 
same category as the migrating plate in Comactinia. Its first appearance is in 
an interradial position, where by growth from above it truncates the posterior 
basal distally. Its position and mode of growth are not (except for its evident 
connection with the movement of the gut) essentially different from those of 
the interradials in Comactinia and Promachocrinus, or from those of the inter- 
radials in fossil forms like the Reteocrinidae or Rhodocrinidae, or some excep- 
tional Flexibilia, in which they extend downward to a connection with the 
basals. The radianal of Comactinia, on the other hand, is of a strictly radial 
origin, and by shifting toward the left and upward it truncates the posterior 
basal first laterally and afterward distally. Therefore we may have in these 
two existing types of anal structures representatives of the two principal types 
in the fossil forms, viz., that with median plates only, and that with asym- 
metric radianal. 

Generalizations upon these conditions, or attempts to point out definite 
homologies, must be made with much reserve. Nevertheless, according to the 
foregoing facts, we have in the ontogeny of this living crinoid an unusually 
close recapitulation of the phylogenetic history of some of the Paleozoic groups 
of the class. 
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THE PHY LOGENEMCG RELATIONS OF THE FUP XIBMeErs 


The order Flexibilia is now considered to be an offshoot from the dicyclic 
Inadunata, through modifications resulting in an open mouth and the loose in- 
corporation of brachials in the calyx. This opinion was expressed by Bather * 
in 1900, and by myself * in 1911. Up to the latter date no definite line of con- 
nection between the two orders had been pointed out, but in the paper last 
cited I was able to furnish the evidence of such connection through the non- 
pinnulate Dendrocrinidae—the exact nature of whose tegmen has not yet been 
discovered—and at so early a period as to indicate close proximity to the stage 
of divergence from a common ancestor. 

The earliest known representatives of the Flexibilia are the two species 
from the lower Trenton rocks of Canada described by Billings * under Lecan- 
ocrinus, but now falling under the recently established’ genus Protaxocrinus— 
P. elegans and P. laevis. The specimens figured by Billings did not disclose 
the essential structures of these forms, and their position remained for a long 
time in doubt. In my paper of 1906, p. 502, I expressed the belief that they 
had the Taxocrinus anal side; this was confirmed by later discoveries proving 
that they belong not only to that genus, but to the most primitive form of the 
Taxocrinidae, viz., with a radianal in primitive position directly under the 
right-posterior radial. This structure of the Ordovician species was demon- 
strated in the above cited paper on A Trenton Echinoderm Fauna, p. 11, with 
figures, and it is now more fully described with additional illustrations 
(Pl. XLV, figs. 1 to 7; see also figures of other species on the same plate). 

Protaxocrinus, as will be observed from these figures, is a form having, 
along with its primitive radianal, a strong anal tube rising quite high between 
the arms, composed of a vertical row of large plates bordered by perisome and 
connected in the lower part more closely with the right posterior ray than with 
the left; and having also in the interradial areas usually one definite plate fol- 
lowed by perisome. It has also variable arcuate sutures often much effaced by 
wear; and two primibrachs. In the paper last cited I also gave a full account 
of some species of the Dendrocrinoid genus Cupulocrinus, of which I had 
obtained some unusually fine material (op. cit., 1911, pp. 28-36; pl. 1, figs. 8 to 
12; and pl. 3, figs. I to Q;and text-fig. 2, on p. 29). Two of these species 
occur at the same locality and in the same lower Trenton formation as those 
of Protaxocrinus above mentioned; and a third, before undescribed, which I 
now call Cupulocrinus minimus, is a recurrent form in the Richmond forma- 
tion of the Cincinnati area. For convenience, I have reproduced several of 

1Lankester’s Treatise on Zoology, pt. 3, pp. 140, 187. 


* A Trenton Echinoderm Fauna, Mem. Geol. Surv. Canada, No. 15P, p. 35. 
3 Canadian Organic Remains, Decade 4, 18509, p. 47, pl. 4, figs. 3a, 4a, b. 
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the most significant figures on Plate LX XV, figures 2 to 6; but in this connec- 
tion the entire series figured in the Canadian memoir should be consulted. 

The species of Cupulocrinus thus before us have a primitive radianal; an 
elongated anal tube supported by a prominent median series of strong plates 
bordered by perisome, inclining to the right and in closer connection with the 
right posterior ray than with the left; the interradial areas occupied by numer- 
ous small, irregular plates, with sometimes a single larger one in the axil; 
arcuate sutures variably present and sometimes extremely prominent. If to 
these characters were added that of three unequal infrabasals (readily pro- 
duced by fusion of two pairs out of the five present here), and of an open 
mouth, I would defy any paleontologist to show wherein the specimens of these 
species differ generically from those of Protaxvocrinus illustrated on Plate 
XLY. Even the stem, with its conical taper in one species and its alternating 
columnals in the others, would go perfectly well with various Flexibilia. In 
the arcuate sutures we have one of the strongest Flexible characters, and any 
collector familiar with the crinoids of that order finding a fragment of arms or 
brachials of a specimen like that of Plate LX XV, figures 2a, b, would say at 
once that it belonged to the Flexibilia. 

As to the tegmen, we do not know its exact character, except that it is 
composed of pliant perisome, a direct extension of that developed in the inter- 
radial areas. Neither orals, mouth or ambulacra can be seen in any of the 
specimens. The anal tube is directly connected with the perisome for its full 
length (Pl. LXXV, figs. 4, 6a, b), and there is no doubt that the opening is in 
a fold or extension of the pliant tegmen, just as | have shown it in Onychoert- 
nus and Taxocrinus. The whole ventral structure is absolutely different from 
that of most other Inadunata in which it is known, notably in the Poteri- 
ocrinidae and Cyathocrinidae; and in the way it differs from them it approaches 
that of the Flexibilia. 

The number and distribution of primibrachs are different from those of 
the Flexibilia generally; but although regularly unequal in the different rays 
of one species, and irregular in those of another, some phases of these varia- 
tions are the same that have become fixed characters in different genera of the 
later Flexibilia, as the three IBr of Taxocrinus, and the three or four in 
Onychocrinus. The inequality and irregularity in number of primibrachs is a 
character unknown among the Flexibilia except as sporadic variations, and 
upon this character, if taken alone, we should be inclined to range these forms 
under the Inadunata. There is clearly an intermingling of the characters of 
the two orders, and it is evident that in Cupulocrinus we have to deal with a 
transition form whose exact status is difficult to decide from what can be seen 
in the fossil. Some of the other transitions which might occur are not difficult 
to interpret; for example, the fusion of two pairs of the primitive five infra- 
basals, which has actually occurred within the limits of a single Inadunate 
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family between Cyathocrinus and Gissocrinus. The fact that both of the Tren- 
ton genera in question are in the same primitive stage in the development of 
the radianal, a character which is now shown to be of the very highest impor- 
tance in the phylogeny of the crinoids, adds greatly to the significance of their 
close approach in other characters. It should be added that the two species of 
Cupulocrinus are extremely abundant and range throughout the principal Cana- 
dian localities and southward to Kentucky, while Protaxocrinius is one of the 
rarest fossils in these rocks. 

Having, therefore, two contemporaneous genera in the earlier Ordovi- 
cian, existing at’ the same locality and horizon, and being in the same 
morphological condition in regard to the one strongest and several of the minor 
characters; the one flourishing in profusion and the other extremely rare; we 
have the very conditions under which we might expect to find evidence of evo- 
lutionary changes marking the divergence of two higher groups which are 
admittedly of a common origin. The divergence in these two forms is of so 
simple a nature, and by such close steps, that we need not look so very far back 
in the geological scale for a probable common ancestor; and we may yet hope 
to find it in the Ordovician. 

A somewhat analogous convergence of some characters is to be noted be- 
tween the forms just discussed and the Camerate family Reteocrinidae, as 
exemplified by such species as Reteocrinus o’neali (Pl. LXXV, figs. 7, 8). In 
the pliant tegmen passing down into the interradial areas, and the strong ver- 
tical series of anal plates leading to an opening through the perisome, there is 
certainly a marked similarity. But except for its pliability there are in these 
forms none of the characteristics of the Flexible tegmen, such as the exposed 
mouth and ambulacra. I have a hundred or more specimens of FR. nealli ex- 
posing the tegmen in a similar condition to that shown in these figures, and I 
have studied them with great care to find a trace, a survival, or a premonition 
of mouth or ambulacra, but without success. And it seems to me that these 
organs must be regarded as definitely in the subtegminal stage of the Camerata, 
but with transitional phases toward or from the Flexibilia. This form belongs 
to a later period—Silurian—but another species of Reteocrinus is of the same 
age as the principal species of Protaxocrinus and Cupulocrinus above discussed ; 
so that all three types may have coincided in time and place as representatives 
of the transitional tendencies out of which the three greater divisions of the 
crinoids were evolved. 

Another clearly transitional form, also from the same older Ordovician 
formation, is the genus Cleiocrinus. Its position seems to lie between the 
Flexibilia and the Camerata on the one hand, and between these and the 
cystids on the other. In regard to the calyx, the general habitus of the speci- 
mens, the articulate structure and flexible walls, point strongly toward the 
Flexibilia of the type having a solid posterior interradius and no anal tube; yet 
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the presence of pinnules, and of five infrabasals instead of three, differentiate 
it from the known Flexibilia. On the other hand the brachial structure, the 
form and arrangement of arms and pinnules, with ridges following the radial 
lines and running into the arms, are essentially the characters of Glyptocrinius 
or Reteocrinus. To the full description of this genus, and explanation of its 
anomalous basal structure in which it differs from all other crinoids, as given 
in my memoir of 1905, I added in my Canadian memoir of 1911 (op. cit., 
p. 43, pl. 5, figs. 7-11) evidence proving that the mode of union of the calyx 
plates is clearly that of the cystids, with the calycine pores and rhombs of that 
group in abundance. The form is too symmetrically organized to remain with 
the cystids, and it will not fit into any of the recognized orders of the crinoids. 
Hence it must be treated simply as an intermediate form, evolved late from the 
cystids, but whose crinoidal tendencies had not yet settled into a definite line of 
development. 

Thus it seems that at this very early stage in the geological scale we have 
several forms exhibiting variously intermingled characters of the larger divi- 
sions of the crinoids, with some of the essential cystid structure more or less 
impressed upon one of them; and that these represent relatively recent depar- 
tures from the common ancestral type, tending in different degrees toward the 
lines of evolution which produced the several orders of the crinoids. In Pro- 
taxocrinus the Flexible characters were already well established; in Cupul- 
ocrinus and Reteocrinus the tendency was toward the Inadunata and Camerata 
respectively, while still complicated by other characters; while in Cleiocrinius 
the strong survival of cystid characters prevented the establishment of a dis- 
tinct evolutionary line in either of the crinoidal orders. 

The Flexibilia, like the Camerata, were limited strictly to the Paleozoic; 
and if they left survivals these were so overshadowed by the great changes 
which occurred in Mesozoic and Recent times, that they must be considered 
as wholly subordinate, and not of sufficient weight to maintain this order as a 
zoological concept. The calyx of Uintacrinus, with its profuse interbrachials 
and flexible walls, seems at first glance remarkably similar to that of some 
forms of the Flexibilia. But Uintacrinus is essentially a comatulid with re- 
markable protean and convergent characters, as | suggested in 1901, and as 
has since been fully demonstrated by Clark. The resemblance is superficial 
rather than morphological, the very thin plates of Uintacrinus being totally 
opposed to the brick-like structure of the Flexibilia. 

The exposed mouth and ambulacra of the Flexibilia constitute, of course, 
their most striking character which has come down to present time and which 

+ Cleiocrinus, Mem. Mus. Comp. Zoology, Harvard, vol. 25, no. 2, pp. 93-114. 
* Uintacrinus, Mem. Mus. Comp. Zoology, Harvard, vol. 25, no. I, pp. 55 et seq. 
*The Systematic Position of the Crinoid Genus Marsupites, Proc. U. S. National Museum, vol. 40, 
1911, pp. 649-654. 
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prevails universally among the Recent crinoids. Upon this ground it was 
formerly held by myself as well as others, and perhaps may still be held by 
some, that the comatulids and some of the Recent groups should be considered 
as a pinnulate division of the Flexibilia. My reasons for no longer adhering 
to this view have been stated in the revised edition of the Zittel-Eastman 
Paleontology, 1913, p. 227, and will be further discussed in the chapter on 
Classification. 

Dr. G. Steinmann * in a general discussion of evolutionary principles has 
expressed a very positive opinion that the Jurassic Apiocrinidae are descended 
from the Paleozoic Flexibilia, contending that it is even possible to derive some 
Apiocrinidae from particular species of Flexibilia. He undertakes to trace the 
connection through the genus Guettardicrinus and Forbesiocrinus greener 
M. and G.* from the Lower Carboniferous, and for the latter proposes a new 
genus, Proguettardicrinus. This is done purely on the ground of superficial 
resemblance and minor characters such as the number of brachials, while 
overlooking the broader characters such as bilateral symmetry produced by 
anal structures, regularly arranged interradials, loose sutures uniting the calvx 
plates of this and a closely related species, which decisively establish the posi- 
tion of this form under Forbesiocrinus. Some of these characters were not 
clearly shown by the original figure and description, but they may all be seen 
in full detail upon Plates XXX and XXXI of this work. 

Steinmann admits that with the nonexistence of pinnules in the Flexibilia 
established, the chasm between the Flexibilia and the Apiocrinidae cannot be 
bridged; but he avoids this difficulty by assuming that in the older forms the 
pinnules were soft structures and therefore not preserved, while later under 
different physical conditions they became solidified by lime deposit. This is 
pure hypothetical invention, without proof or probability, but directly contrary 
to the fact that in the two other Paleozoic groups, existing under the same con- 
ditions and found in the same formations as the Flexibilia, calcareous pinnules 
are profusely developed. There are unquestionably strong points of similarity 
between the Apiocrinidae and some Paleozoic Flexibilia, to which perhaps 
more than anything else was due the opinion of Wachsmuth and myself con- 
necting that family, as Bather now does, with this order under the Grade Flexi- 
bilia Pinnata. According to my present views, the presence in the Apiocrinidae 
of pinnules and of a terminal stem plate, the irregular interradials when pres- 
ent, the absence of a flexible calyx structure, and the admitted impossibility of 
tracing any line of connection with the Paleozoic Flexibilia, combine to furnish 
sufficient grounds for ranking them under the Articulata as now defined. 


* Die geologischen Grundlagen der Abstammungslehre, 1908, p. 152. 
* Tilinois St. Mus. Nat. Hist., Bull. 9, 1896, p. 57, pl. 4, figs. 1, 2. 
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Excluding synonyms, the number of species of the true Flexibilia recog- 


nized in this work as sufficiently known for definition is 176, belonging to 31 
genera. In addition to these there are species of 6 genera which have been 
mentioned in connection with this order, none of which belong to it, but two of 
which may doubtfully represent transitional forms of some stage. ‘These are: 
Cleiocrinus, Caleidocrinus, Edriocrinus, Rhopalocrinus, Cydonocrinus and 
Sycocrinus. Counting only the true Flexibilia, their occurrence may be graph- 


ically shown by the following tables: 


I. Biologic 


Number of species 


ILECAMOSHIMGAS socceoodcooendoopoodespenuc0desuoboudS BaD 54 
SASEM OCI CAC Mare arr heen eiru ey cob cher alae s seyattiaeui leita mie llalevereie lamesaane 20 
Melithiy,@ criti cl ae vearary eee aevenee Po cscyene us Gils ee seks eich oa Lote velie-enchle d Glennie byandre 40 
ARED OVS HTTUGENSY  SSssto ova OW Cho kG Oke OD ChO OG CORO OO CRENC ORCI EE Real Dior NRC aes to 62 
UR coed penretepanepe rere ioc RE ne Tenens avai Ae eitenevcietat cua seca ccevite aye ane vtsueertees 176 © 
Il. Geologic 
Number of species by families 
Lecano- Sageno- Ichthyo- Taxo- 
crinidae crinidae crinidae crinidae Totals 
Carboniferous ....... ie Bienes 9 10 18 32 69 
IDEVOMIBN .505¢00c0000000050000 5 fo) 10 19 34 
Silurian..... av 5gn0e 000090808 40 10 12 9 71 
@xdovicianenneen ore ome 2 2 
MONG; dogs oboe aedouup ons 54 20 40 62 170 


94 


SMITHSONIAN 


INSTITUTION 


Ill. Geologic and Geographic 


By genera 


Ordovician 
Silurian 
Devonian 


Carboniferous 


America 


Europe 


No. of Genera 


TAXOCRINIDAE 
Onychocrinus ...... 
Parichthyocrinus ... 
I CEROCTHITHES 06 5660506 


Gnorimocrinus...... 
Protaxocrinus ...... 


xX! 


x XX X 


xx xX XK XK XK 


x 


xXXXX: 


ICHTHYOCRINIDAE 
Amphicrinus........ 
Synerocrimus........ 
Wachsmuthicrinus .. 
Euryocrinus ........ 
Dactylocrinus....... 
Metichthyocrinus.. .. 
Synaptocrinus ...... 
Cleistocrinus........ 
Chidochinwserr rer 
Ichthyocrimus....... 


an 


Ox Xo 
SOS 5 OX 


XX XX XK XK 


MX 5 KK Ke 


xX X XK XK X 


xX xX: 


Io 


SAGENOCRINIDAE 
Forbesiocrinus...... 
Lithocrimus ........ 
Sagenocrinus....... 
Meristocrinus....... 
Temnocrinus..:.... 


8 OX OS OS 6 


x 


x XXX X 


LECANOCRINIDAE 
Mespilocrinus ...... 
Nipterocrinus....... 
Lecanocrinus ....... 
Pycnosaccus........ 
Cholocrinus........ 
Hormocrinus....... 
Asaphocrinus....... 
Galpiocrnus: ....... 
Homalocrinus ...... 
AMNISOCTINUS ........ 


Less duplications...... 


mhotalecenchamnreras 


5 fecocccc 


13 


oO Go OX OS OX OX 


xxXxXI XXX: 


x 


to 
oO’ 


aN 
fe) 


Ne) 


31 


Io 


31 


DISTRIBUTION 95 


Of the 176 species, 109 are American and 67 European. 

It must always be remembered, in considering statistics of this kind, that 
the numbers represent not the totals of the species as they actually existed in 
the different epochs and areas, but only of the species which were preserved 
and are represented in our collections. The infinitesimally small proportion 
which the fossils obtained bear to the faunas which existed may be appreciated 
when we reflect that of the life periods preceding the Ordovician, which some 
geologists consider to have been longer ‘than all those which followed it com- 
bined, we have no representatives whatever except a few cystids; that vast 
accumulations of fossiliferous strata have been obliterated by erosion during 
periods of elevation of the sea bottom; that the strata covering three-fifths of 
the earth are submerged beneath the oceans; that upon the land by far the 
greater part of the fossiliferous rocks are buried under those of succeeding 
formations, or under soil, ice, snow, or sand; that large areas are still unex-° 
plored; and that out of the strata which are accessible to us, all the fossils 
which are obtained by our collectors represent only the partial product of ‘not 
more than a few, or a few hundred, acres. These facts are emphasized in 
greater detail in Wachsmuth and Springer’s monograph on the Camerata, 
pp. 167-169. Therefore all generalizations based upon distribution must be 
made with this qualification. 

Considering the known occurrences to represent in a remotely general way 
an average of the succession of crinoidal life, we may note some facts indicated 
by the above tables: 

The Flexibilia are very feebly represented in the Ordovician, from which 
only two species of a single genus are as yet known, and of these specimens are 
extremely rare. This is in marked contrast to the prevalence of crinoids in 
the other orders, both Camerata and Inadunata being abundant and widely 
distributed. There was a rapid increase in the Silurian to 71 species, chiefly 
of the Niagaran or Wenlock period; followed by marked diminution to 34 
species in the Devonian, and a revival toward Silurian abundance in the Car- 
boniferous. Thus the two periods of maximum development in this group 
were the Silurian and the Carboniferous; but these did not go on pari passu 
as between the different families. The Lecanocrinidae show a rapid decline 
from Silurian to Carboniferous, while the Taxocrinidae correspondingly in- 
creased, so that the aggregate of the two is not very different in the two epochs. 

It is a singular fact that whereas the two known species of Flexibilia in 
the Ordovician are highly typical Taxocrinidae, the great development of the 
group which rapidly succeeded in the Silurian did not take place in this family 
at all, but in the Lecanocrinidae, which in their typical forms are farthest re- 
moved from it. This leads to the inference that the Lecanocrinidae developed 
through a different line of ancestors in the Ordovician, or earlier. Their struc- 
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ture, being that of a strong anal side and solid walls, is specialized in the direc- 
tion of the Camerata, and the family ran its course from opulence to poverty 
and ultimate extinction very much as did the Camerata. The Taxocrinidae, 
on the other hand, represent the true Flexibilia type, comparable to stages in 
the ontogeny of the living crinoids, and its progress was one of steady increase 
to a maximum in the Mississippian, or Mountain limestone, period of the 
Lower Carboniferous, followed by extinction at the close of that age. Both 
the Sagenocrinidae and Ichthyocrinidae maintained a fairly even course, ex- 
cept for the entire absence of the former in the Devonian; this fact empha- 
sizes the imperfection of the geological record in reference to this group, for 
the succession from the Silurian to the Carboniferous forms in this family is 
so evident that it is'impossible to imagine an actual break; and it is to be hoped 
that some new Devonian locality will yet furnish the missing connection. The 
rapid rise and great expansion of the Flexibilia in the Silurian accord with the 
development among the other crinoids, as well as in many other forms of life 
which flourished abundantly in an age characterized by conditions favorable 
to most forms of shallow water life. Taken as a whole, however, the acme of 
the Paleozoic crinoids was attained in the Lower Carboniferous. 

The American species of the Flexibilia exceed in number those from 
Europe by a proportion of 60 per cent against 40; the disparity is not so great 
as in the Camerata or in the Inadunata. The maximum of European species 
was reached in the Silurian, which has produced 42 out of the total of 71; less 
than a third of that number are from the Carboniferous. In America the 
Silurian species number 29, and the Carboniferous 57. 

In the Silurian Flexibilia there is unquestionably a great similarity be- 
tween the American and European faunas, which has been emphasized by the 
discoveries of recent years in this country. Pycnosaccus, Anisocrinus, Clid- 
ochirus, Sagenocrinus, Protaxocrinus and Gnorimocrinus, all formerly sup- 
posed to be strictly-British or Swedish genera, now prove to be represented by 
good species in the American rocks; and of the three species of my new genus 
Hormocrinus, one comes from each of these countries. In the highly special- 
ized and hitherto little known Pycnosaccus, of which I now have abundant new 
material, some of the specimens from Tennessee can scarcely be distinguished 
from those of Dudley and Gotland. Three rare and specialized European 
genera of the other orders have also been found in the American Silurian, 
among them the very remarkable Crotalocrinus; while the almost equally re- 
markable American form, Petalocrinus, has been discovered in Sweden. Of 
the 17 Silurian genera of the Flexibilia, all but one are represented in the 
European rocks, while 7 are unrepresented in America, most of them being 
extremely rare or local in their occurrence; thus 9 of the genera are common 
to both areas. Some of these facts (not all being before known), together with 
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evidence of identity and close relationship in other faunas, have led to the 
opinion especially developed by Weller,’ and afterwards supported by Cham- 
berlin and Salisbury,’ that there was a migratory connection between the 
Silurian faunas of northern Europe and the interior of America. 

Of the 13 Carboniferous genera, 9 are common to both continents; all but 
one are represented in America, while 3 American genera are not found in 
Europe. The recent addition of the two specialized forms, Amphicrinus and 
Onychocrinus, to the list of genera common to both areas greatly emphasizes 
the resemblance of the two faunas, and accords with the opinion held by the 
later authorities in Paleogeography that in this age also, as in the Silurian, 
there was a migratory communication between the American and European 
continents by one of the northern routes.’ 

Of the 9 Devonian genera, 3 of which begin in the Silurian and 4 pass 
into the Carboniferous, 8 occur both in Europe and America; but there is little 
similarity in the species from the two continents, which is to a large extent true 
for the other orders of crinoids. 

The development of the crinoids as a whole was greater in the Lower 
Carboniferous than in any other Paleozoic period. The physical conditions of 
the American continent during that epoch, with its extensive shallow seas and 
general prevalence of clear waters, were peculiarly favorable to the expansion 
of the crinoidal faunas, and this vast basin became so densely populated with 
these organisms that their calcareous remains constitute the greater part of the 
sedimentary deposits. The Mississippi valley was the center of this develop- 
ment, and it extended westward—its resulting strata now underlying the great 
plains area—into the Rocky Mountain region, where abundant evidence of its 
existence, with more or less migrational changes of species, is to be found, from 
New Mexico to Montana, and westward as far as Nevada. 

The rise, expansion and decline of the Flexibilia are in substantial ac- 
cordance with those of the Paleozoic crinoids in general, viz., rapid develop- 
ment in the Silurian, recession in the Devonian, attainment of the acme in the 
Lower Carboniferous, followed by extinction near or shortly after the close of 
the Paleozoic. 

The hitherto prevailing idea that the Crinoidea, as represented by their 
surviving order, the Articulata, are a dwindling race almost on the verge of 
extinction, must now be modified, in view of the great extension of knowledge 
of the Recent crinoids during the past few years, largely through the medium 
of the researches of Mr. Clark in the National Museum before alluded to upon 
American and foreign collections. Instead of only 12 genera and 212 species 

* Journal of Geology, vol. 4, 1896, pp. 166-173; ibid., vol. 6, 1898, pp. 692-703. 


2 Chamberlin and Salisbury, Geology, vol. 2, 1906, p. 410. 
® Tbid., p. 522. 
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of Stalked crinoids and comatulids known at the date of P. H. Carpenter’s 
monogtaphs upon the collections of the “Challenger ”’ expedition, there are 
now known 142 genera and 576 species, of which 123 genera and 343 species 
have been described by Clark alone; these are distributed among 20 families 
and 8 sub-families. The crinoids, therefore, constitute one of the richest 
and most varied faunas of the present seas, the extent and importance of which 
will continue to increase; for, notwithstanding the great acquisitions of the 
past dozen years due to the activities of numerous dredging expeditions main- 
tained by different governments, the fact still remains that all these dredgings 
represent only the imperfect gleanings of a few out of the 140,000,000 square 
miles which the oceans cover. The number of crinoids existing in certain 
localities is amazing; as many as 10,000 have frequently been brought up by a 
single haul of the dredge. A. Agassiz* speaks of “a field of Rhizocrinus”’ 
growing on the sea bottom in the West Indies. At Singapore 24 species of 
crinoids have been taken within a radius of a few miles, a variety which is 
surpassed by but few localities of Paleozoic crinoids. 

It is somewhat remarkable how meager are the remains of fossil crinoids 
thus far known from other. continents than Europe and America. A few 
have been reported from the Andes in South America; some of Jurassic age 
from China, from the islands of New Guinea, Misol and Roti, and from the 
Arctic regions. An interesting fauna, chiefly Carboniferous, has been de- 
scribed by Ratte and by Etheridge from Australia; Ordovician, Silurian and 
Devonian crinoids and cystids from India by Reed, and also a Carboniferous 
species by De Koninck. A more remarkable Echinoderm fauna has been dis- 
covered in the island of Timor, in the Dutch East Indies, some forms of which 
have been described by Beyrich, by Bather, and by Wanner; large collections 
have been made in recent years by the Dutch geologists headed by Dr. G. A. F. 
Molengraaff of Delft, and by Professor Wanner of Bonn. This fauna is said 
to be Permian, but I feel confident that, as already suggested by Bather, it will 
prove to be in part Lower Carboniferous. None of these outlying occurrences, 
to my knowledge, have thus far yielded any specimens of true Flexibilia. 

The annexed table of Distribution furnishes a résumé of the occurrence of 
the Flexibilia throughout the recognized American time divisions and their 
approximate European equivalents, as well as within the two continents. 


1Three Cruises of the U. S. Coast Geodetic Survey Steamer “ Blake,” etc., from 1877-1880 [1888], 
p. 118. 
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CLASSIFICATION 


In the North American Crinoidea Camerata by Wachsmuth and myself,” 
there was given a historical résumé of the principal writings upon the crinoids, 
and a discussion of the various plans of classification put forth from time to 
time by different authors. It is not my purpose in the present treatise to re- 
trace the steps there taken, nor to deal with those subjects anew, except to 
supply some matters not sufficiently covered before, and to bring the question 
of classification down to date in the light of researches and publications since 
the appearance of that work. 

In the history of opinion as to the nature and relations of the crinoids 
sufficient credit was not given by us to the pioneer work of Edward Llhuyd 
(Luidius), Head Keeper of the Ashmolean Museum at Oxford,* who was the 
first author to notice the intimate relationship between the fossil Crinoidea and 
the living comatulid now known as Antedon bifida. This he did, as W. B. 
Carpenter has justly said, “not as a mere guess, but on the sound basis of 
anatomical correspondence,” with an accuracy and discrimination which stamps 
him as an observer and thinker far in advance of his contemporaries. 

Of the classifications of the Crinoidea into large divisions the two which 
have had the greatest influence upon the knowledge of this group of Echino- 
derma are undoubtedly those of J. S. Miller * and Johannes Muller.* 

Miller’s classification is important first of all because he was the earliest 
author who undertook to treat in a systematic way the Crinoidea as a class. 
This class was limited by him to the stalked, brachiate crinoids, thus excluding 
from consideration forms now known as cystids and blastoids which he did not 
discuss at all, and Marsupites and the Comatulae which he placed among the 
“Stelleridae.”” The comatulids, which, since J. V. Thompson’s epoch-making 
discovery of the young in 1827, and of the connection between the young and 
the adult in 1835, have been known to be stalked in their young or “ pentacri- 
noid” stage, were logically included in his definition, and are so treated by all 
modern authorities; Miller himself noted their resemblance to the crown of 
Pentacrinus, and called attention to the fact that the plate at the base of the 
calyx of the Comatulae occupies the same position as the first columnal of the 
Crinoidea. 


*Mem. Mus. Comp. Zoology, Harvard, vol. 20, 1897, pp. II-31, 144-161. 

* Lithophylacci Britannici Ichnographia, 1699, pp. 44, 101; Edition 1760, p. 145.-. ----». ———--- - 

* A Natural History of the Crinoidea, 1821. ; 

“Bau des Pentacrinus caput-medusae, Monatsber. Akad. Wiss. Berlin, Apr. 1840, pp. 88-106; Wieg- 
mann’s Archiv., 1840, pp. 307-318; Abhandl. Konigl. Akad. Wiss. for 1841, pub. 1843, pp. 177-248; separate, 
pp. 1-72. ; 
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Miller, although not in very clear terms, took as the chief basis of his 
general classification the mode of union between stem and calyx and between 
calyx and arms; and upon this character he subdivided the Crinoidea into four 
primary groups comprising nine genera, all but two of which were at the same 
time proposed by himself. These were (1) ArticuLaTa: <Apiocrinites, 
Encrinites, Pentacrinites; (2) SEMIARTICULATA: Poteriocrinites; (3) INAR- 
TICULATA: Cyathocrimtes, Actinocrinites, Rhodocrinites, Platycrinites; and 
(4) Coapunata: Eugeniacrinites. The first of these included most of the 
Mesozoic and Recent crinoids; the second and third the then known Paleozoic 
genera of what are now the Camerata and Inadunata. His primary groups, 
except the first, have not survived; but his generic names are among the classics 
of crinoid literature, and have been utilized for the designation of well- 
grounded family divisions. 

The so-called classification of Johannes Muller has been given a promi- 
nence in subsequent treatises somewhat disproportionate to its merits, due no 
doubt to the great and deserved’ reputation of this distinguished man as an 
anatomist. The structure and embryology of the various types of the Echino- 
derma attracted his earnest attention, resulting in a series of memorable re- 
searches which formed both a foundation and a model for all future work of 
that kind. He did not undertake the systematic study of the Crinoidea, nor 
did he propose a formal classification; but incidentally, in connection with an 
anatomical study of the West Indian stalked crinoid, “ Pentacrinus caput- 
medusae”’ (Isocrinus asteria), he assigned family names to certain forms or 
groups as they came up for consideration. The first of these (under the same 
name) was essentially the Articulata of J. S. Miller, with the Comatulae 
added—containing crinoids with free rays rising above the joining membrane. 
The second, Tessellata, without any very accurate definition, included Miller’s 
Semiarticulata and Inarticulata plus some additional genera of similar type, 
and also Marsupites. These two embraced all then known crinoids except three 
genera, each of which he thought should be placed in a different family. For 
Saccocoma he proposed “Costata’’; for Haplocrinus, “Testacea”’; while 
Holopus was leit without other designation. He considered the “ stalked 
crinoids without arms, as the Pentremites and Sphaeronites” to form two 
families, but did not propose for them any additional names. Muller gave a 
list of genera as examples of his family Tesellata, and it is interesting to note 
that among the Paleozoic crinoids included by him and by J. S. Miller in their 
respective families there is not a single genus belonging to the order Flexi- 
bilia, which forms the subject of the present work. 

Bronn* in 1860 adopted the three divisions, Articulata, Tessellata, and 
Costata, upon the authority of Johannes Miller (though without any credit to 


1 Klassen und Ordnungen des Thier-Reichs, p. 228. 
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Miller for the first), including among the Tessellata the principal representa- 
tive genera of the present Flexibilia, Tavocrinus, Lecanocrinus, Forbesiocrinus 
and Ichthyocrinus, which had in the meantime been established. 

In 1879 von Zittel* also took up the Mullerian families,—Tessellata, 
Articulata and Costata, ranking them as suborders of the Crinoidea. None of 
these authors, however, had given a clear definition of the chief diagnostic 
character of the Articulata, and it remained for P. H. Carpenter to do this in 
the ‘‘ Challenger ’’ Report on the Stalked Crinoids, pp. 145, 146, where he said 
“the name-giving difference between the Articulata and the Tessellata is re- 
duced to a supposed difference in the mode of union of the first radials with 
the joints which they bear.” 

In 1877 Wachsmuth,* in a profound analytical study of their structure, laid 
the foundation for the general classification of the crinoids which in its essen- 
tial features has been maintained in our joint and several works ever since. - 
He distinguished among the Paleozoic crinoids three general plans of struc- 
ture: The Tasxocrinus plan (Taxocrinidae) ; the Cyathocrinus plan (Cyath- 
ocrinidae) ; and the Actinocrinus plan (Spheroidae). These were elaborated 
in our Revision of the Palaeocrinoidea, 1879-1886, under the respective corre- 
sponding divisions Articulata, Inadunata (Larviformia plus Fistulata), and 
Camerata, differentiated by the mode of union between the calyx plates, and 
the condition of the arms, whether free above the radials or partly incorporated 
into the cup. The Articulata were treated under a single family, the Ichthy- 
ocrinidae. 

In our Monograph of the North American Crinoidea Camerata, 1897, 
we adhered to the same divisions, with a change, however, in regard to the 
Articulata, which was made to include not only the Paleozoic Ichthyocrinidae 
under the subdivision Articulata Impinnata, but the Mesozoic and Recent 
Apiocrinidae and Comatulae, as Articulata Pinnata. This arrangement was 
partly based upon the idea that the growth of the stem in these forms pro- 
ceeded by the interpolation of new ossicles beneath the top columnal instead of 
next to the calyx; so that, as there expressed, the “top stem-joint is not the 
youngest joint in the stem.” It has long been evident to me that too much 
importance was attached to this supposed feature, which was largely hypo- 
thetical as to Paleozoic forms, and the existence of which as a fixed character 
is disproved by my subsequent observations on some of the very forms in which 
it was thought to be most prominent. 

Von Zittel in his Grundztige der Palaeontologie, 1895, adopted in prin- 
ciple the classification of Wachsmuth and Springer in regard to the Paleozoic 


8 


* Handbuch d. Palaeontologie, p. 341. 
* Internal and External Structure of Palaeozoic Crinoids, Amer. Jour. Sci., vol. 14, Aug. 1877, pp. 184-6. 
® See pp. 150 et seq. 
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crinoids, using for the first three orders the names Larviformia, Camerata 
and Fistulata; for the fourth (=the Articulata of Wachsmuth and Springer, 
non Muller) the name Flexibilia; and for the fifth the name Articulata sensu 
Johannes Muller, including the Mesozoic and Recent crinoids. The Flexi- 
bilia he subdivided into the families Ichthyocrinidae Wachsm. u. Springer, 
Marsupitidae D’Orb., and Uintacrinidae Zittel. 

In 1898, Bather* at the meeting of the British Association brought for- 
ward his proposal for a Phylogenetic Classification of the Pelmatozoa, which 
was further developed in his chapters on the Echinoderma, published as 
Part III of Sir Ray Lankester’s Treatise on Zoology. For depth of research, 
comprehensiveness of plan, aptness of illustration, and clarity of statement, 
I do not hesitate to place this work of Bather’s at the head of all general 
treatises on the crinoids. The labor involved in its preparation was enormous; 
for the work, while embodying the results attained by previous authors, is in 
no sense a compilation, but is replete with masterly original research. No 
other treatise approaches it in practical usefulness to the student of the crinoids 
and related forms; no other one has been so much and so profitably used by me 
in connection with my own later researches; and the fact that we do not agree 
in some of our conclusions in no wise detracts from my high estimation of this 
admirable work. 

The chief point upon which we disagree is the broader aspect of the classi- 
fication of the Crinoidea, which we have approached from different points of 
view. He has been good enough to say that although not the phylogenetic 
classification sought by the modern biologist, the system of Wachsmuth and 
Springer is “ far the best from an anatomical standpoint.” 

Bather attaches primary importance to the construction of the base, 
whether dicyclic or not; and upon the presence or absence of infrabasals he 
divides all crinoids into the two sub-classes, Monocyclica and Dicyclica. Sub- 
ject to these more comprehensive divisions he retains the Camerata (minus 
the Platycrinidae and Hexacrinidae which he separates under the Adunata), 
the Inadunata, and the Flexibilia as subdivisions under his larger groups. His 
chief subdivisions are: Under Sub-class I—Order 1, Monocyclica Inadunata; 
Order 2, Monocyclica Adunata; Order 3, Monocyclica Camerata. Under Sub- 
class [I—Order 1, Dicyclica Inadunata; Order 2, Dicyclica Flexibilia (Grades 
Impinnata and Pinnata); Order 3, Dicyclica Camerata. Thus the differences 
between us in the main are rather relative than positive, as for example, 
whether we should say “ Monocyclica camerata,” or ““ Camerata monocyclica.” 
His opinion that the dicyclic or monocyclic base are characters of more com- 
prehensive significance than any others within the class has been fortified by 
cogent arguments which are entitled to the greatest consideration. 


* Rep. British Assoc. for 1898 (Bristol), pub. 1899, pp. 916-923. 
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In the meantime Jaekel’ had essayed a classification upon phylogenetic 
grounds, which he applied in his subsequent important monograph upon the 
Stammesgeschichte der Pelmatozoen, 1899. He, likewise, criticised the plan 
of Wachsmuth and Springer because, in his opinion, they had dealt with the 
morphological conditions as they found them too much from an anatomical 
standpoint, and had not sufficiently taken into account the import of the modi- 
fications due to descent. 

We have, therefore, two new and almost simultaneous phylogenetic classi- 
fications, by two of the most eminent living authorities, both predicated in part 
upon the insufficiencies of Wachsmuth and Springer’s system, and each be- 
lieved by its author to be an approximately correct reading of the race history 
of the crinoids, according to the principles of modern Biology. Lut instead of 
a concurrent result of the application of those principles, it appears that the 
two classifications are about as fundamentally and diametrically opposed: as 
any two things could be. 

Bather, as already stated, finds in the presence or absence of infrabasals 
ground for a primary division of the Crinoidea into two sub-classes, inde- 
pendently developed from unknown ancestors, viz., Monocyclica and Dicyclica, 
of which the Camerata and Inadunata are only subordinate divisions found in 
each of the primary groups; and he splits the Camerata into two groups be- 
cause he thinks the Platycrinidae and their allies depart too widely from the 
typical form. 

Jaekel, on the other hand, does not recognize in the dicyclic or monocyclic 
base a ground for large divisions at all. But he considers the Camerata a divi- 
sion of even higher rank than its authors supposed, and accordingly erects it 
into a sub-class under the name Cladocrinoidea, which he separates from all 
other crinoids because he believes its representatives descended independently 
from some of the many-plated cystids; and the Platycrinoids he firmly retains 
within this group. The remainder of the crinoids he groups in a sub-class of 
equal rank with the Camerata, under the name Pentacrinoidea, within which 
he places the Fistulata (W. and Spr.) ; Larvata (Larvifromia W. and Spr.) ; 
Costata; Articulosa (Articulata, W. and Spr.) ; and Articulata (W. and Spr.; 
Muller). Monocyclic and dicyclic forms occur indiscriminately throughout 
each of his basic groups. 

It is not my purpose at this time to undertake a discussion of the merits 
of these two conflicting plans. The evidence upon which a final summing up 
can be made is not yet in hand. It is my expectation, if time suffices, to follow 
the present work with a similar treatment of the remaining group of Paleozoic 
and partly Mesozoic crinoids, the Inadunata, in the hope that the necessary 


1 Sitzungs-Bericht Ges. Naturf., Berlin, Apr., 1894, p. 101. 
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facts may thus be fairly marshalled as material for future discussion by some 
one of the status and relationship of the subdivisions of the Crinoidea. In the 
meantime, in view of the widely divergent results attained by the application 
of phylogenetic principles in the two later classifications, I feel content to stand 
upon the general features of the plan‘of Wachsmuth and Springer regarding 
the Paleozoic crinoids, with some modifications in detail suggested by newly 
acquired knowledge; returning, however, to the Articulata of Miller and 
Muller for the Recent and most of the Mesozoic crinoids. Accordingly we 
shall have the following table for expressing the— 


PRIMARY DIVISIONS OF THE CRINOIDEA 


Crinoids with a rigid calyx in which the lower brachials are to a varying extent 
firmly incorporated into the dorsal cup, being rendered fixed and immovable by 
union either with dorsal or ventral structures. Plates of the calyx united by close 
suture. Mouth and calyx food-grooves chiefly subtegminal. Subject to modifica- 
tion as to either character in transition forms. Arms pinnulate. 
Onde. oooccodcneds CAMERATA. 


Crinoids with a flexible calyx in which the lower brachials are loosely incor- 
porated into the dorsal cup either by lateral union with each other, by means of 
interbrachials, or of a skin studded with calcareous particles. All plates beyond the 
radials united by loose suture, and more or less movable. Mouth and tegminal food- 
grooves exposed. Arms non-pinnulate. Orderice. a. eee FLEXIBILIA. 


Crinoids with rigid calyx in which the brachials are free (or sometimes loosely 
connected) above the radials. Plates of the calyx united by close suture. Mouth 
sub-tegminal; food-grooves supra-tegminal, but may be closed by fixed ambulacral 
plates. Arms pinnulate or non-pinnulate. Orderas aenctiqen INADUNATA. 


Crinoids in which the mode of union of the radials with the plates they bear is 
by complete muscular articulation, and in which are combined certain additional 
characters stated below. Arms pinnulate. Orden ics ARTICULATA. 

The Camerata were a highly specialized group, confined to the Paleozoic, 
and becoming extinct in the Lower Coal Measures. Within this group occurred 
various modifications of base, anal structures, and arms, affording criteria for 
the sharp differentiation of families, but all subordinate to the general type of 
a solidly enclosed calyx, combined with the absence of, or a restricted, move- 
ment of the brachials upon the radials. There is, of course, in some forms 
more or less of a tendency to modification of these characters in the direction 
of other groups, as among the Platycrinoids, where there is often but slight 
incorporation of the brachials, or none at all, in the dorsal cup. In these cases, 
however, there is usually a very definite restriction in the mobility of the 
brachials upon the radials by means of rigid adambulacral and covering plates. 
Any proposal for segregating the Platycrinoids and Hexacrinoids into an inde- 
pendent group upon this character would be nullified by the many important 
exceptions formed by cases in which the first brachial is completely incor- 
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porated, either by interbrachials alone (e. g., the form called Brahmacrinus by 
Sollas, and certain species of Platycrinus); or by means of other brachials 
which overlap the first and make it rigid (e. g., Marsipocrinus, Pterotocrinus, 
ete.). Or, the modification may be towards a more flexible calyx as in the 
Reteocrinidae, in which, however, the mouth and food-grooves are strictly sub- 
tegminal. Such cases, in my opinion, must be treated as intermediate types, 
transitions toward the Inadunata and Flexibilia respectively, which upon a 
fair preponderance of the characters seem to go better within the Camerata 
than anywhere else. Whether to leave them so, or to create independent divi- 
sions for them, is a matter of expediency depending upon the individual point 
of view. 

The Flexibilia are also specialized, and were similarly limited to the Paleo- 
zoic, though there is a sporadic reappearance of some of their characters 
among the Apiocrinidae and the comatulids. The Inadunate type, represent- 
ing the most generalized structural plan of the crinoids—a calyx composed of 
basals, radials and orals, which at some stage forms the entire calcareous 
skeleton above the stem in every crinoid—is in its most essential features, 
though variously modified, carried forward with the Articulata, and thus has 
an unbroken range from the earliest Ordovician to the present time. These 
three groups underwent more or less parallel modifications, with analogous 
differentiation of characters for family divisions, some of which reappeared 
independently in each of them. 

The Articulata, with their Neozoic range from Jurassic to Recent time, 
present an aggregate of characters which seem to indicate a separate group, 
broadly comparable to the other three but upon somewhat different criteria. 
This method of treatment is a departure from the later plan of Wachsmuth 
and Springer by way of a return to the earlier one, now reinforced, as it seems 
to me, by more substantial reasons than before; it has already been briefly sug- 
gested by me in the new edition (1914) of the Zittel-Eastman Textbook of 
Palaeontology. This view also accords with the conclusion reached by 
Dr. Kirk as the result of independent researches on Certain Eleutherozoic 
Pelmatozoa,’ as follows: 

Among all the known post-Paleozoic Crinoidea there is an essential unity of structure 
that points strongly to a not widely diverse origin. 

The chief characters relied upon to distinguish this order as extended and 
defined by Muller, viz.: (1) an open mouth and food-grooves, and (2) a sepa- 
rate axial or dorsal canal perforating the arms, were clearly indecisive, con- 
sidering that the first belongs equally to the entire Paleozoic group Flexibilia, 
and the second is shared by a Devonian family and several genera of the 
Inadunata. 


1 Proc. U.S. Nat. Mus., 41, 1911, p. 81. 
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This evident inadequacy of the definition has led to various proposed 
remedies, such as placing the Pentacrinidae under the Fistulate Inadunata, and 
the comatulids together with the Apiocrinidae as a subdivision (Pinnata) un- 
der the Flexibilia. None of these has proved satisfactory, least of all the last, 
for the lack of any sufficiently definable connection between the so-called Pin- 
nata and the Paleozoic Flexibilia. It is true the pliant calyx of the latter recurs 
in the pelagic comatulids, Marsupites and Uintacrinus, and the close lateral 
union or partial incorporation of lower brachials is found to some extent among 
the Apiocrinidae, Pentacrinidae, and some comatulids. But it has become 
increasingly evident that the Flexibilia were a specialized group, derived from 
the Inadunata, and ending like the Camerata with the Paleozoic.* 

While there is no valid ground for any such divisions as Palaeocrinoidea 
and Neocrinoidea, as proposed by Wachsmuth and Springer and by Carpenter, 
and afterward abandoned, yet it cannot be denied that with the exception of 
the Triassic Encrinus and the Plicatocrinidae the known crinoids of Mesozoic 
to Recent time have an assemblage of features by which they are broadly dis- 
tinguished from their Paleozoic ancestors. It is believed that this may be 
expressed under the group Articulata as enlarged by Johannes Muller, dis- 
tinguished not by any single character peculiar to itself, but by the fact that a 
large number of characters belonging to different groups of Paleozoic crinoids, 
and by which they were differentiated, have become associated, fixed and gen- 
erally constant in this. It is by the combination of the following characters, 
therefore, that the definition of this group, as herein given, becomes logically 
effective: 

1. The predominance of the stem as a source of differential characters. In the older 
crinoids the modifications marking the larger divisions occurred wholly in the calyx, and 
with the culmination of these calyx modifications the types themselves became extinct. In 
the survivors the general type of calyx became more fixed by decrease in size and the conse- 
quent elimination of disturbing elements, while the larger changes in the structure of the 
class took place in the stem and its attachments, which furnish the chief characters for the 
later major groups. 

2. The mode of union of the radials with the plates they bear by complete muscular 
articulation. This was the character chiefly relied upon by Miller, and while subject to 
modification or exception in a few genera, and to loss in senile stages of living forms, it 
holds good throughout the group. And this is also the strongest character of the latest sur- 
viving family of the Paleozoic crinoids, which passes on to the Triassic,—the Poteriocrinidae. 

3. Open mouth and food-grooves. 

4. Axial or dorsal canals extending into the arms within the calcareous substance of the 


plates. 
5. The uniserial, and complete absence of biserial, character of the arms. 


*The nearest approach to a relation between this group and the later crinoids has been worked out by 
Mr. Clark, in connection with the second part of his Monograph now in preparation; he finds in the larval 
stage of the Recent comatulids before the appearance of the first pinnules and of the cirri, and in that 
stage only, remnants of the ancestral structure of the Palaeozoic Flexibilia. 
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6. The general prevalence of regularly spaced syzygies. 

7. The constant presence of pinnules; the first two segments of which are always differ- 
entiated from those succeeding. 

8. The general absence of a concave base. 

g. The general presence of a modified top columnal, or proximale. 

10. The general absence of bilateral, and prevalence of pentamerous, symmetry, modified 
only by tegminal characters and by loss or addition of rays, and not by anal structures in the 
dorsal cup. 

The type of Crinoidea now constituting the order Flexibilia was not recog- 
nized as the basis for a major group by any author prior to 1877. There is 
little doubt that if Johannes Muller had been better acquainted with its essen- 
‘tial characters he would have perceived its importance in the structure of the 
crinoids, for in his list of genera in the Abhandlungen, 1843, p. 208, he noted 
under Poteriocrinus nobilis and P. egertom that they “ belong not to the genus 
Poteriocrinus.” Phillips about the same time, and independently, observed the 
peculiar habitus of these and allied species, and considered it sufficient ground 
for the creation of a new genus, for which he proposed in 1841 the preoccupied 
name, /socrinus,, and in 1843 Taxocrinus.* The Austins® in 1842, in their 
proposed Arrangement of the Echinodermata into Families, placed Phillips’s 
genus under the Poteriocrinidae. 

Quenstedt, in the various editions of his Handbuch der Petrefactenkunde, 
1852, 1867, and 1885, and also in his Petrefactenkunde Deutschlands, 1874- 
1876, ranged Taxocrinus, Ichthyocrinus and their allies under the Cyath- 
ocriniden, or Cyathocrinen. ; 

Roemer * in 1854 included most of the then known genera of this group 
under his family Cyathocrinidae, disregarding entirely the important work of 
Phillips, and suppressing his genus Taxocrinus as a synonym of Cyathocrinus. 
He was the first author to call attention to the tegmen as a character for classi- 
fication, and he grouped the Stalked crinoids into two sections, which he left 
without names, as follows: a. Ventral side consisting of a soft skin; b. Ven- 
tral side covered by solid immovable plates. In the first he placed the Recent 
and Mesozoic crinoids, plus the Cupressocrinidae and his Cyathocrinidae 
(which included representatives of all the present Paleozoic orders); and in 
the second the Poteriocrinidae and all the other Paleozoic crinoids. He pro- 
posed Sagenocrinidae as one of his 21 families for the reception of the single 
genus, Sagenocrinus,—being the first family name used exclusively for crinoids 
of this type, although without any perception of its true characters. 

Pictet ® in 1857 distributed the genera indiscriminately among his three 
groups, Cyathocriniens, Actinocriniens, and Carpocriniens. 

* Palaeozoic Fossils of Cornwall, pp. 29-30. 

*In Morris, Catalogue of British Fossils, p. 9o. 

* Ann. and Mag. Nat. Hist., vol. 10, pp. 106-110. 


‘In Bronn, Lethaea Geognostica, 3d edition, vol. 1, pt. 2, p. 227. 
* Traité de Palaeontologie, pp. 314-330. 
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The earliest definite recognition of the taxonomic value of the funda- 
mental structure upon which the present order Flexibilia is based was by 
Wachsmuth in 1877,* when he proposed the name Taxocrinidae for one of the 
three groups into which he thought the Paleozoic crinoids would fall. He 
noted as its special characteristic the curved sutures between the plates of the 
radial series, of which he said: “This ... . is conspicuous in the radials, 
thus producing apparently an articulate structure of the whole skeleton, and 
indicating some degree of flexibility in the body as well as the arms.” As to 
the summit, or vault, which had not then been found preserved, he did not 
think it consisted of a soft skin, but from fragments he had seen inferred that 
the disk was covered by very small plates forming a “ kind of scaly integument 
which was pliant and flexible” (of. cit., p. 185). Wachsmuth criticised 
Roemer’s course in including the Cyathocrinidae and Cupressocrinidae in his 
section a, with vault consisting of a soft skin, he insisting that on the contrary 
these two families belonged in a group by themselves having the vault covered 
by an immovable arch of small plates. 

Angelin * in 1878 independently used the name Taxocrinidae as one of the 
tt families under his section Trimera, placing the other Flexible crinoids un- 
der the families Sagenocrinidae, Homalocrinidae and Ichthyocrinidae. He did 
not propose any larger group for these forms, but divided the crinoids into 
general sections founded upon the number of basals. 

Wachsmuth and Springer * in 1879 first treated the group systematically, 
under the name Ichthyocrinidae (which they substituted for Wachsmuth’s 
Taxocrinidae), giving full diagnoses of the 11 genera then recognized, with 
bibliographic lists of the species. The definition took note of the presence of 
three “ underbasals,” and of the absence of pinnules, but emphasized as the 
leading character the “ peculiarity of structure which prevails throughout the 
raysandarms . . . ,’ which “ produces what seems to be an articulate structure 
in the whole skeleton, and indicates that the body as well as the arms was 
somewhat flexible” (p. 31). The pliant nature of the tegmen (vault) was 
inferred from that of the dorsal parts, and from the indications observed in 
fragmentary specimens. With rather inconsistent reasoning it was insisted 
that the vault, although pliant, was composed of solid plates, this being a neces- 
sary corollary of the assumption that all Paleozoic crinoids—then designated 
as the Palaeocrinoidea—were distinguished from the Mesozoic and Recent 
crinoids by having the “oral side closed by a more or less solid integument 
without external food-grooves or oral aperture” (p. 30). It remained for 
future years to bring forth the capital discovery, confirmatory of the inde- 

* Amer. Jour. Sci., vol. 14, p. 185. 


* Iconographica Crin. Sueciae, p. 8. 
* Revision of the Palaeocrinoidea, pt. I, p. 30. 
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pendent rank of this group, that it has an open mouth and exposed food- 
grooves like the Recent crinoids. 

In von Zittel’s Handbuch der Palaeontologie, 1879, the Taxocrinidae and 
the Ichthyocrinidae were listed simply as two of 26 families under the suborder 
Tesellata. But in his Grundztige der Palaeontologie, 1895, he adopted in sub- 
stance the primary divisions of Wachsmuth and Springer, substituting, how- 
ever, for their Ichthyocrinidae the obvious and appropriate name suggested by 
Wachsmuth’s original definition, the FLEXIBILIA. 

In 1888 Wachsmuth and Springer * discovered the tegmen, or vault, in a 
specimen of Taxocrinus intermedius, in so perfect a condition as to leave no 
doubt whatever as to the complete differentiation of this type from that of the 
other groups of Paleozoic crinoids. Consistently with the flexible calyx, it 
proved to have an integument of pliant perisome, with exposed food-grooves 
passing over it between parted oral plates into a central open mouth. This 
discovery thoroughly fixed the status of the order now called Flexibilia as an 
independent group, and it has been since confirmed by the discovery of similar 
tegmens in another species of Taxocrinus, and in Onvchocrinus, Synerocrinus, 
Homalocrinus and Pycnosaccus, representatives of three of the families into 
which the order is divided. 

Induced by this unexpected anatomical similarity to the Recent crinoids, 
we undertook in the paper last cited to attach the name Articulata to this group, 
and in our later work on the Crinoidea Camerata we proposed to include within 
it the Apiocrinidae and Comatulae as Articulata Pinnata, while the non- 
pinnulate paleozoic members would constitute another section called Articulata 
"in this sense was admittedly 
questionable, and it was suggested that “ Articulosa”’ of Jaekel might be 
adopted as an alternative. The text of our work was completed in 1894. 
Owing to the protracted illness of Wachsmuth, and the engrossing business 
cares of the present writer, we did not keep in touch with current literature 
while it was passing through the press, and therefore the peculiarly apt term 
“ Flexibilia,’ employed by von Zittel in 1895, was overlooked. Had it been 
known to us, the text would have been corrected in the proofs so as to utilize it. 

In the Lankester Treatise on Zoology, 1900, Bather adopted the term 
“Flexibilia ” as equivalent to the Articulata of Wachsmuth and Springer, not 
Muller, and with it the two subdivisions Impinnata and Pinnata. He arranged 
the Impinnata under five families: Ichthyocrinidae, Gazacrinidae, Tax- 
ocrinidae, Dactylocrinidae and Sagenocrinidae. As to these he said: “The 
genera seem to merge into one another, and are as yet too ill-defined to be 
grouped into families on a sure genetic basis” (p. 187). His Gazacrinidae 


Impinnata. The use of the name “ Articulata ’ 


Discovery of the Ventral Structure of Taxocrinus, Proc. Acad. Nat. Sci. Philadelphia, for 1888, 
Pp. 337-363. 
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was proposed under a misapprehension of the rather obscure genus Gazacrinus, 
which is a Camerate crinoid with biserial pinnulate arms, as has been proved 
by excellent undescribed material since discovered. 

In 1902, having discovered the presence of the radianal in Sagenocrinus 
and Temnocrinus, | suggested a tentative arrangement of the Flexibilia into 
two families, Ichthyocrinidae and Taxocrinidae, based upon the general form 
of the crown, and the character of the arms, whether contiguous or divergent. 

Special study of this group with a view to the present work resulted in the 
acquisition of material information regarding the true structure of hitherto 
obscure genera, as well as newly discovered characters in others, and a pre- 
liminary notice of some of these results was given in 1906.° The discovery of 
the radianal in /chthyocrinus, hitherto supposed to have a perfectly pentamer- 
ous calyx, and in certain Taxocrinoid forms; of the actual relations of the 
Silurian genera Amsocrinus, Clidochirus, Homalocrinus and Calpiocrinus; and 
of certain definite modifications of characters from Silurian to Carboniferous 
time; led to a considerable increase in the number of genera, and to a more 
logical basis for their arrangement into families. A further tentative classi- 
fication was proposed, by which the group was divided into three families, 
Ichthyocrinidae, Sagenocrinidae, and Taxocrinidae, based primarily upon far 
reaching differences in the anal structure, and secondarily upon the degree of 
contact or separation of the rays due to the presence or absence of interbrachial 
plates. 

Continuation of my researches since that time has brought further in- 
crease of knowledge, by means of which the subdivisions of the group, while 
in general features similar to those of 1906, are placed, as it is hoped, upon a 
sounder basis. The following definition is believed to express the results of 
all the evidence tending to establish the Flexibilia as a morphological unit: 


1 American Geologist, vol. 30, pp. 88-97. 
2 Journal of Geology, vol. 14, pp. 467-523. 
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Order FLEXIBILIA Zittel 

Crinoids in which the lower brachials are loosely incorporated in the dorsal cup, either 
by lateral union with each other, by interbrachials, or by a finely plated skin. Base dicyclic; 
infrabasals three, unequal, exceptionally fused, often greatly reduced or atrophied; some- 
times fused with the top columnal. Radials and brachials united by a modified muscular 
articulation, usually without transverse ridge, accompanied by loose suture between other 
plates, producing a flexible calyx admitting motion between apposed faces of the plates. 
Arms non-pinnulate, uniserial, with a wide and shallow ventral groove. Tegmen flexible, 
with exposed calcified ambulacra, roofed with movable covering plates; mouth supra- 
tegminal and open. Orals small, asymmetrical, with food-grooves passing between them to 
the mouth; the posterior one much the largest and probably a madrepore; they are more or 
less surrounded by perisome, which often passes down between the rays. Stem circular; 
proximal columnals usually very short, frequently wider than the others and forming a conical 
expansion next to the calyx; cirri usually wanting, or confined to the distal part of the stem 
as branching rootlets. 

Geological range: Ordovician to Lower Coal Measures. 

The Flexibilia form a compact, well-defined group, limited to the Pale- 
ozoic. They range from the earlier Ordovician (Trenton group) to the close 
of the Lower Carboniferous, with a single genus passing into the Lower Coal 
Measures. There is a general tendency from irregularity to regularity in the 
calyx structure; the radianal, which is well developed in the lower positions in 
the Ordovician and Silurian genera, becomes less conspicuous or disappears in 
the Carboniferous. The calyx and arm plates are usually thick and relatively 
short, with an imperfect muscular or loose ligamentous articulation which ad- 
mits of much mobility. The combination of massiveness with flexibility is a 
remarkable feature in the structure of the calyx wall. The union between 
brachials is frequently marked exteriorly by arcuate sutures, produced by a 
downward projection of the outer proximal edge of the plates into a corre- 
sponding depression on the distal edge of those preceding; this extends but 
little below the surface, the sutures beneath being perfectly straight. By con- 
traction in fossilizing the thin projecting processes are erequently fractured, 
giving rise to the erroneous idea of “ patelloid plates.” 

Owing to the fact that in most of the genera the rays are more or less 
continuous from the radials up, with little differentiation between calyx and 
arms, there is a general similarity of type which renders the subdivisions of- 
the group less apparent than in the Camerata. The most prominent modifica- 
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tion of the general type relates to the construction of the posterior interradius, 
upon which two well-defined divisions may be recognized: (1) the strong anal 
side, in which the anal plates, when present, are partly or wholly incorporated 
in the calyx wall; (2) the weak anal side, in which the anal plates are sepa- 
rated from adjoining brachials at one or both sides by a calcareous skin, and 
tend to form a flexible series supporting the anal tube, which is a mere exten- 
sion of the pliant perisome of the tegmen. The second of these structures is 
analogous to that found in the larval stage of the living crinoids; it is the most 
generalized, appearing in the Ordovician and ending with the culmination of 
the group at the close of the Lower Carboniferous. The first is more special- 
ized, and so far as known began in the Silurian, continuing also to the end of 
the group; within it modifications in the size and position of the infrabasals, 
and in the general habitus of the calyx, afford ground for family divisions 
which shade into one another to some extent. 

Among the genera of each section may be observed a migration of the 
radianal, from.a primitive position directly underneath the right posterior 
radial (as if the radial were transversely bisected) in the older formations 
(Ordovician and some Silurian), to an oblique position at the lower left of the 
radial (some Silurian and Devonian), and then to an upper oblique position or 
complete elimination in the Carboniferous. Modifications in the number of 
primibrachs, by increase from two to three or more, were also to some extent 
coincident with these changes. The structure of the base remains remarkably 
constant, the proximal circlet consisting of three unequal infrabasals, which 
are exceptionally fused into an undivided discoidal plate, and in certain genera 
tend to disappear by atrophy. ° 

As a result of the foregoing considerations the Crinoidea Flexibilia fall 
into two general groups, based upon the construction of the posterior inter- 
radius: A, represented by such forms as Sagenocrinus; and B, represented by 
Taxocrinus. These, which may for convenience be said to represent the strong 
and the weak calyx respectively, will take rank as suborders, characterized as 
follows: 

A. With a strong calyx: SAGENOCRINOIDEA. This group includes all 
forms in which the posterior interradius either is not differentiated, or is more 
or less occupied by anal plates usually not in the form of a tube, the first plate 
of which is to any degree incorporated in the calyx; that is to say, is suturally 
united with adjacent brachials for at least part of its height on both sides. A 
genus like Sagenocrinus, in which the anal interradius is an enlarged copy of 
the others and forms a continuation of the solid calyx wall, will of course be a 
perfectly evident typical example of this structure. In a general way this 
group stands for a calyx with solid wall all around, as opposed to one in which 
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the wall is weakened by the interposition of an anal tube at the posterior side. 
There are exceptions and intergradations in regard to this feature, as in all 
such cases; and it is difficult to frame a definition fixing an exact limit which 
will hold good everywhere. I have drawn the line at the first plate of the anal 
series above the posterior basal—the anal 1 as commonly designated. If this 
plate is free from sutural attachment at least on one side, it cannot be said to 
be incorporated in the calyx, and a form so constructed will not belong to 
group A. On the other hand there will necessarily be some genera which upon 
the criterion here given must be placed in group A, notwithstanding the fact 
that they may have a very apparent anal tube which would seem to throw them 
into group B. Such are intermediate forms like Synerocrinus and Mertsto- 
crinus, the systematic position of which must be decided upon a slight prepon- 
derance of evidence among characters more or less contradictory. This group 
also includes, in addition to those with a solidly filled anal side, such genera as 
Ichthyocrinus, Metichthyocrinus, Wachsmuthicrinus and Nipterocrinus, in 
which the posterior basal is not differentiated, and there are in the calyx 
(except the inconspicuous radianal in /chthyocrinus) no anal structures what- 
ever. ; 

B. With a weak calyx: TaxocriNoipEA. This will include all forms in 
which the posterior basal is followed immediately by a tube-like series of plates 
no part of which is fully incorporated in the calyx, but which is bordered on 
one or both sides by perisome, and so to that extent separated from the adja- 
cent brachials. In all genera composing this group, without exception, the 
posterior interradius is differentiated from the others by the interposition of 
an anal tube. The crown in genera of both groups may be weakened by the 
presence of a pliant perisomic integument instead of suturally united inter- 
brachials above the zone of the radials in all the interradii, but in this group 
such perisomic integument is always to be found at the anal side between the 
posterior radials and down to the basal, whatever the structure may be else- 
where. Some exceptional intermediate forms in which this condition is closely 
approached are placed in the first group upon the weight of other characters. 

The two divisions thus defined are substantially the same as those pro- 
posed by me in 1906 (Jour. Geology, vol. 14, p. 513), and further investigation 
has shown that the differences between them are even more striking and funda- 
mental than was before supposed. Taking as typical of the two types of struc- 
ture the genera Forbesiocrinus and Taxocrinus, which have been often 
confounded in the literature: 

In Forbesiocrinus the posterior basal is angular or truncate above, and the 
distal face is united to the succeeding plates by powerful ligamentous connec- 
tions of the same type as that between the basals, radials and primibrachs 
(Pl. XXI, figs. 1, 2, 3). The succeeding plates of the anal side are similarly 
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united to adjacent brachials and to each other, the junction being marked by 
distinct zig-zag lines. The lateral faces of the brachials which abut on the 
posterior interradius are angular for a greater or less distance, and exhibit 
surfaces for sutural attachment to interbrachials of one kind or another high 
up between the rays. Hence the anal plates form an integral part of the calyx 
wall, in the same manner as those of the regular interbrachial areas. The pos- 
terior basal is flush with the other plates, and does not differ from the other 
basals except in being angular or truncate above, and in supporting other plates 
which are in sutural connection with it. 

In Taxocrinus the posterior basal is entirely different. It supports no 
plates at all in direct succession from its distal face, but at a point on the outer 
surface considerably below the distal margin there is a shallow median depres- 
sion, or socket, in which rests the first of a series of elongate pieces, curved 
like arm-plates, forming the support of an anal tube (Pls. XXI, figs. 4, 5; 
LVI, fig. 5). When all the plates are in position we do not see the entire 
dorsal side of the posterior basal in its upper half, but only such narrow por- 
tions of that part of it as are exposed at either side of the tube, usually more 
to the left than to the right (Pl. LVII, figs. 4, 5, 6a). This tube is attached to 
the perisome, which forms its inner wall, and it is connected with adjacent 
brachials by the perisomic integument of pliant skin paved with small irregular 
plates or spicules. The tube plates are not suturally connected with adjacent 
plates. Above the tube socket the posterior basal is thinner than below, and its 
distal face becomes a rather thin and rounded edge, without any surface for 
sutural union. Thus the lateral faces of the brachials bordering the anal area, 
instead of being angular and having planes for sutural attachment, are curved 
from the outside inward to the ventral margins where the perisome is attached ; 
and these margins follow a straight line longitudinally, while the margins fac- 
ing the other interbrachial areas are zig-zag for their sutural union with the 
corresponding angular interbrachials. Hence the two can be instantly distin- 
guished if the lateral margin of the ray bordering the anal area can be seen. 

These two structures prevail to a greater or less degree throughout their 
respective groups. If we could see the exact details of all the specimens we 
should probably always have a sure criterion in the condition of the posterior 
basal. If its distal end is suturally united to a succeeding plate, then the form 
possessing it does not belong to group B, because the tube does not originate 
there but at least one plate higher up. When the tube originates on the pos- 
terior basal it rests in a rounded socket, either at the top or at some distance 
below the top; and in this case the upper part of the plate thins out to an edge 
for attachment of the perisome forming the ventral wall of the tube. This 
structure is perfectly shown by carefully prepared specimens of Taxocrinus, 
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Parichthyocrinus and Onychocrinus, on Plates LVI, LXI, and LXVII, and 
the external appearance indicates that it is the same, perhaps to a less degree, 
in Eutaxocrinus, Gnorimocrinus and Protaxocrinus; even where the tube- 
socket might seem to rest on the very top of the plate its inner edge would still 
be non-sutural and smooth for the attachment of perisome. I supposed this to 
be the case in Synerocrinus until I obtained my fine preparation exposing the 
sutural distal margin of the posterior basal, and a similar sutural attachment 
for part of the adjoining radial and brachial at both sides (Pl. XLII, figs. 
8a, 1), which shows that the tube begins on the next plate above the basal. This 
test is decisive for species like Taxocrinus giddingei and T. ungula, in which | 
the perisome is closely beset with rather strong plates, and it might be thought 
that the posterior basal is followed by two or more plates abreast. But careful 
examination will in all cases show that the first plate of the tube rests in a 
rounded socket on the posterior basal, with a distinct shoulder running up at 
one or both sides of it; and also that these large plates lack definite arrange- 
ment, and are therefore strictly perisomic, whatever their size. 

Both these groups passed through the regular successive stages of anal 
development from that of a radianal in primitive position in form of an infer- 
radial, through a lower to an upper oblique position, and in group A to that of 
a final complete elimination; these changes correspond with the geological 
sequence of the genera. 

Group B was the earlier in time, so far as is at present known, being found 
in the Ordovician along with certain Inadunata which clearly mark the line of 
derivation of the Flexibilia from that order. It continued to the close of the 
Lower Carboniferous, where it culminated with vigorous species of Taxocrinus 
and Onychocrinus in the later Kaskaskia. The group is a strictly homogeneous 
assemblage of genera, and does not offer any tangible ground for subdivision, 
except possibly that based upon the dichotomous and heterotomous arm struc- 
ture; this I do not believe to be a valid character for the differentiation of 
families, as we have both forms in nearly every family of the Camerata, and 
in some of the Inadunata and Articulata. The infrabasals are in about the 
same condition throughout, being low, taking little part in the formation of the 
calyx wall; but they are not, except in rare cases, so completely buried under 
the column as is frequent in the other group. This group, therefore, will consti- 
tute a suborder with a single family, Taxocrinidae. 

Group A arose later, its first known occurrence being in the Silurian; and 
it culminated in the Warsaw formation of the Lower Carboniferous with 
Forbesiocrinus, a genus which in its later stages emphasizes in the strongest 
manner the dominant characters of the group. It continued through the equiva- 
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lent of the Kaskaskia into the Lower Coal Measures, where it has a character- 
istic representative in Amphicrinus; in this, however, there is exhibited a 
tendency to reversion to the structure of the weak anal side. 

This group may be subdivided into three families, the first two of which are 
more sharply differentiated from the third than they are from each other. The 
character upon which the principal distinction is based is found in the condition 
of the infrabasals, and its importance may be made clear by reference to the 
growth of the calyx plates in the young comatulids. Leaving out of consid- 
eration the infrabasals in the latter as usually too rudimentary for comparison, 
the calyx cup in the early stages consists of basals and radials, both of which 
form an important part of its wall; the basals are erect, and help to enclose the 
visceral mass. This is well illustrated in the young Antedon as worked out by 
W. B. Carpenter, and in the larval Comactinia herein shown on Plates B and C. 
The basals at first are not very far from parallel with the dorso-ventral axis 
of the animal. At a later stage the basals undergo considerable diminution in 
their external size, and become more and more recumbent in position until they 
have slipped inward under the central part of the dorsal cup, disappearing from 
sight altogether ; at this stage they cease to take any essential part in the struc- 
ture of the calyx wall, and in some cases lose their identity by fusing to form 
the so-called rosette. Primitively the infrabasals underwent a similar trans- 
formation, and in the comatulids have been quite lost. This is more fully 
explained by Mr. Austin H. Clark (Proc. U. S. National Museum, vol. 38, 
pp. 117, 118), from whose language I have borrowed freely; and he finds that 
among the Recent crinoids the best characters for the differentiation of the 
higher groups are found in the stem and in the proportionate recumbency of 
the basals. 


9 10 1 
Fics. 9-11 
MODIFICATIONS OF INFRABASALS 


g. Lecanocrinus; IBB more or less erect, forming a definite part of the calyx wall. 
10. Forbesiocrinus; IBB recumbent, almost withdrawn from the exterior. 11. Ichthyo- 
crinus; IBB horizontal, reduced to a small plug, entirely covered by the column. 


Examination of the genera belonging to group A shows that they fall into 
three subdivisions based upon corresponding conditions of the infrabasals: 

Aa. If we take the calyx of Lecanocrinus as shown by the cross-section 
(text-fig. 9) it will be seen that it represents the primitive stage of crinoid 
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growth, in which all the plates occupy their original position forming essential 
parts of the calyx wall; the infrabasals and basals, therefore, are more or less 
erect and help to enclose the visceral cavity. 

Ab. In Forbesiocrinus (text-fig. 10) the basals have become more oblique, 
and the infrabasals, now recumbent, have decreased in proportional size so 
that they form only a small part of the calyx wall, being chiefly a support for 
the overlying plates. 

These two sections range from the Silurian to the Lower Carboniferous, 
culminating with Forbesiocrinus in the Warsaw. 

Ac. In Ichthyocrinus (text-fig. 11) the basals approach very nearly the 
horizontal, while the infrabasals have entirely withdrawn from the exterior, 
taking no part whatever in the calyx wall. 

If we consider infrabasals instead of basals, it will be seen that section Aa 
is comparable among Recent forms to Ptilocrinus and allied genera; Ab to the 
Pentacrinidae; Ac to the Comatulids; and these would make three well-balanced 
families if the distribution of the several phases of this character among them 
were well proportioned and constant. In fact, however, while there is a very 
sharp distinction among the genera between section c on the one hand and a 
plus b on the other, this is not the case as between the last two, although the 
typical examples of them are well differentiated; they shade into one another 
to a considerable extent, and their separation, which is very desirable from a 
taxonomic point of view, must be reinforced as far as possible by other charac- 
ters. These sections, therefore, will form the three families of this group, viz.: 
Aa, Lecanocrinidae; Ab, Sagenocrinidae; Ac, Ichthyocrinidae. 

The Lecanocrinidae, representing the most primitive stage of infrabasal 
development, in which those plates are more or less erect, are also characterized 
generally by a rather short, rotund crown. The Sagenocrinidae, in the typical 
forms of which (e. g., Forbesiocrinus rather than the genus from which the 
name is taken) the infrabasals have become to a large extent recumbent and 
take little part in the cup enclosing the visceral mass, have usually an elongate, 
spreading crown. Certain genera like Cholocrinus and Clidochirus cannot be 
very satisfactorily placed on account of the intermingling of characters. As 
between these two sections and the Ichthyocrinidae there is not much over- 
lapping in the condition of the infrabasals. Occasionally in section b these 
plates may not quite appear at the exterior, and thus would not be visible if the 
column were attached; but in such cases it will be found that there is at the 
lower part of the plates a flange-like projection by which they extend outward 
beyond the proximal pentagonal space within the ring of basals (Pls. XXVI, 
figs. 2a, b; XXVIII, fig. 19; XXXI, figs. 4a, b; XLIII, fig. 10). This is well 
shown by many examples, especially in Forbesiocrinus where the infrabasals 
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are often pulled off and remain attached to the stem, which have given rise to 
the idea of a persistent fusion of the infrabasals with the top columnal; this 
has proved to be not universal in the Flexibilia, and where it exists the sounder 
view seems to be that it represents merely one retrogressive stage pointing 
toward the atrophy or disappearance of the infrabasals. Only in Clidochirus 
are the characters offered by the infrabasals thoroughly unreliable. 

Within the Ichthyocrinidae the character of reduced infrabasals brings 
together a number of genera which have always seemed to be related by a 
certain marked similarity of habitus, yet which differed so much in details such 
as the presence or absence of interbrachials or of a radianal, and in the mode 
of arm branching, that I was for a long time unable to frame a diagnosis that 
would satisfactorily hold them together. The common character producing 
this similarity of habitus lies in the shape of the rays, which continue more or 
less to expand from the radials up, the successive brachial series tending to 
widen distally, so that each ray, taken from the lower angle of the radials to 
the level of greatest expansion of the crown, is regularly fan-shaped. Thus 
the increase in diameter of the calyx is accomplished by the brachials them- 
selves, often without the interposition of interbrachial plates. In marked con- 
trast to such forms as Lecanocrinus, Pycnosaccus, etc., the radials are not the 
largest plates in the ray. It was only after I had succeeded in ascertaining the 
actual structure of the infrabasals in Dactylocrinus, Wachsmuthicrinus, and 
Synerocrinus, that the importance of this associated character became apparent. 
The infrabasal structure is also correlated with a more or less concave base, 
which is found in most of the genera, the infrabasal elements being completely 
buried under the column, so that they no longer come in contact with the sur- 
rounding water, or contribute essentially to the protection or enclosure of the 
soft parts; therefore they tend to become atrophied from disuse (see an ex- 
treme example of this on Pl. XLI, fig. 5d). Aside from the changes due to 
atrophy, there is but little variation in the shape and position of the infrabasals 
among eight of the genera composing the family. Asa rule they occupy a nar- 
row space surrounding the axial canal, and lie perfectly flat, with their distal 
faces practically vertical. In Wachsmuthicrinus there seems to be a slight ten- 
dency to form a thin flange extending outward from the lower part, but rarely 
reaching the outside (Pl. XLIII, fig. to); and Clidochirus, as already stated, 
is irregular. 

This family represents a homogeneous group, which began in the Silurian 
and continued through the Devonian into the Lower Carboniferous, running 
a course substantially parallel to that of the other families, with consistent de- 
velopment of radianal and anal and modification in arm branching, just as we 
find in those families as well as in the dominant families of the Camerata. 
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The Ichthyocrinidae, with their infrabasals horizontal, withdrawn from 
active participation in the formation of the calyx wall, and reduced to a mere 
vertical plug entirely within and in nowise underlying the basals, represent the 
nearest approach to a monocyclic condition that is found among the Flexibilia. 
Having no connection with the exterior, and having lost their original function 
as part of a cup enclosing the viscera, these plates are in an unstable condition 
and exhibit a tendency to atrophy; and we therefore find in certain genera an 
actual resorption of the infrabasals to a greater or less degree, extending in 
some cases to complete disappearance. In Euryocrinus they are partly and in 
Cleistocrinus wholly resorbed. In Amphicrinus the infrabasals are found both 
partially and wholly resorbed in specimens of the same species (see Pl. XL, 
figs. 9b, 10). In at least two species of Jchthyocrinus the infrabasals are per- 
sistently resorbed, the space which they should have occupied being sometimes 
left open and well defined (Pl. XX XV, figs. 2b, 4b, 5). These instances are 
comparable to the case of the Pentacrinidae, in which family infrabasals are 
present in the genera Pentacrinus, Metacrinus, Comastrocrinus, Isocrinus and 
Hypalocrinus, but always absent in Endoxocrinus. 


The Fanulies of the Flexibila 


A. Posterior interradius either not differentiated, or containing anal plates 
not usually formed into a tube, the first of which is incorporated in 
the calyx by sutural union with adjacent brachials for at least part 
of its height on both sides. Posterior basal, if differentiated, truncate 
or angular, and suturally connected with succeeding anal plate. 


Subordenameesee: SAGENOCRINOIDEA. 
a. Infrabasals more or less erect, forming an essential part of the 
calyx wall. Crown usually short, rotund.................. LECANOCRINIDAE. 


b. Infrabasals more or less recumbent, taking little part in the 
calyx wall. Crown usually elongate....................... SAGENOCRINIDAE. 


c. Infrabasals horizontal, not appearing exteriorly and taking no 
part in the calyx wall. Crown elongate or rotund. Rays 
widening upward to accommodate expansion of the calyx... IcHTHYOCRINIDAE. 


B. Posterior interradius always differentiated and occupied by anal plates 
in a tube-like series, none of which are suturally incorporated in 
the calyx. Posterior basal rounded or indented distally and not 
suturally connected with succeeding anal plate. Crown elongate. 
SHOES. 5es0000000 TAXOCRINOIDEA. 


A single family........ TAXOCRINIDAE. 
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List of the Genera 


Suborder SAGENOCRINOIDEA 


Family I. LECANOCRINIDAE 


Lecanocrinus Hall. 
Homalocrinus Angelin. 
Calpiocrinus Angelin. 
Anisocrinus Angelin. 
Hormocrinus n. g. 


. Cholocrinus Springer. 


Asaphocrinus n. g. 


Family II. SacENocRINIDAE 
Temnocrinus Springer. 
Mertstocrinus Springer. 
Sagenocrinus Austin. 
Lithocrinus Wachsmuth and Springer. 


Forbesiocrinus de Koninck and Le Hon. 


16. 
. Cleistocrinus n. g. 


Family II]. IcotTHyocrinmaE 


Ichthyocrinus Conrad. 


Clidochirus Angelin. 


. Synaptocrinus n. g. 

. Dactylocrinus Quenstedt. 

. Euryocrinus Phillips. 

22. Metichthyocrinus Springer. 


. Pycnosaccus Angelin. 23. Wachsmuthicrinus Springer. 
. Mespilocrinus de Koninck and Le Hon. 24. Synerocrinus Jaekel. 
Nipterocrinus Wachsmuth. 25. Amphicrinus Springer. 


Suborder TAXOCRINOIDEA 
Family IV. TAXocrINIDAE 


20. 


Protaxocrinus Springer. 


27. Gnorimocrinus Wachsmuth and Springer. 


28. Eutaxocrinus Springer. 
Taxocrinus Phillips. 
Parichthyocrinus Springer. 


20. 
30. 


31. Onychocrinus Lyon and Casseday. 


INSERTAE SEDIS 


Cleiocrinus Billings. 

Caleidocrinus Waagen and Jahn 
Edriocrinus Hall. 

Rhopalocrinus Wachsmuth and Springer. 
Cydonocrinus Bather. 

Sycocrinus Austin. 


ARRANGEMENT OF GENERA AND SPECIES 


In the text of the systematic part which follows, the genera are treated in 


the order of their geological succession as they appear in the tables of distri- 
bution, which is not always the same as in the analyses of the genera; and the 
species for the most part are similarly arranged. 
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Suborder SAGENOCRINOIDEA 


Family LECANOCRINIDAE Springer 


SAGENOCRINOIDEA WITH INFRABASALS MORE OR LESS ERECT, FORMING AN ESSENTIAL PART OF 
THE CALYX WALL. CROWN USUALLY SHORT, ROTUND. 


Analysis of the Genera 


I. Rays in contact except at anal side. 
Arms dichotomous. 
RA rhombic, obliquely to lower left of r. post. R. 
Anal + alone. 
Arms interlocking. IBr 2 (exceptionally I)................ LECANOCRINUS. 
No RA. 
Anal + alone, or followed by small triangular plate. 
Arms not interlocking, usually rounded, with dextrorse twist. 
WEE As oe coemeda bo ecusob6 MESPILOCRINUS. 
II. Rays above radials partly separated by solid plates arched over by 
brachials. 
Arms heterotomous. [Br 2. 
Base highly specialized. IBB enveloping BB. 
Anal x and large iBr followed by others. 
RA under r. post. R, between BB. 


1@) TanEbhM iehoon, VygAtidol TAVONOVESS ooo og0cnconGn bo DDG DOO bODDOOL HoMALOCRINUS. 
No RA. 
AAO) TaMel TAKAAN, Via HRAMEUKESo ooconcccvocdgooocuGDGObOnOSDO¥O CALPIOCRINUS. 


Arms usually dichotomous. IBB of usual form. IBr 2. 
RA irregularly under r. post. R, above line of BB (exceptionally 
oblique, or wanting). 
Anal « and iBr 1 large alone, or followed by others............. ANISOCRINUS. 
III. Rays above radials separated by solid plates followed by perisome. 
Arms dichotomous. No RA. [Br 2. 
Anal » and large iBr followed by others abreast and perisome, 
ondirecthysbysperisomesn ere eee ee erent HorMocRINUS. 
IV. Rays above radials separated by perisome only. 
Arms heterotomous. [Br 2. 
RA rhombic, obliquely to lower left of r. post. R. 
Anal «+ followed by perisome. No iBr. 
IO main rami with irregularly branching ramules............. CHOLOCRINUS. 
Arms dichotomous. 
RA rhombic, obliquely to lower left of r. post. R. 
Anal + followed by others passing into a tube. 
No iBr, areas filled with perisome, sometimes not exposed. 


DBE e2s is, race ety apse ste tecoussoppaps tenons ch eqoneve eretelion acre aoe stetnarcnsmavel ctor ASAPHOCRINUS. 
Anal + alone, followed by perisome. 
No iBr, areas wide filled with perisome. IBr1to4........... PYCNOSACCUS. 


No RA, anal plate, or iBr. 
iBr areas wide, filled with perisome. IBr 2to 4............... NIPTEROCRINUS. 
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This family embraces an assemblage of genera most strongly contrasted 
with the Ichthyocrinidae in the condition of the infrabasals, which are erect, 
helping to enclose the visceral cavity. This is typified in the genus Lecanocrinus, 
where they form an upright cup resting upon the column. In two of the genera, 
Homalocrinus and Calpiocrinus, the prominence of the infrabasals is exagger- 
ated to a high degree of specialization, overshadowing all the other basal struc- 
tures. This modification was short-lived, and was not repeated elsewhere 
among the Paleozoic crinoids. Correlated with the above-mentioned infra- 
basal character in the family is the small, short and subglobose habitus of the 
crown. The arms are usually short, or appear so by being closely folded over 
the tegmen, producing a more or less compact, ovoid body. This character is 
quite constant throughout the genera, Cholocrinus alone showing a marked 
departure from it. Asaphocrinus has a somewhat less globose form than most 
of the others, and also exhibits a tendency toward the anal structure of the 
Taxocrinidae. The only genera of the other families which are liable to be con- 
founded with those of this family by reason. of similarity in general form and 
habitus, and the infolding of the arms, are usually larger and are readily dis- 
tinguished by their other characters. Various stages of anal structure are 
progressively exhibited in this family, from those of radianal in primitive 
position, oblique, or anal x without radianal in the Silurian, to complete elimi- 
nation of both radianal and anal plates in the Carboniferous. 

The family is essentially Silurian, eight of its ten genera belonging to that 
age, only two of which, Lecanocrinus and Pycnosaccus, are feebly represented 
in the Devonian. The two Carboniferous genera, Mespilocrinus and Niptero- 
crinus, which are morphologically the direct successors respectively of Lecano- 
crinus and Pycnosaccus, are confined to the lower part of the Lower 
Carboniferous, and the family, so far as known, became extinct at the close of 
the Burlington limestone. Five of the genera, Lecanocrinus, Mespilocrinus, 
Anisocrinus, Hormocrinus and Pycnosaccus, are common to both Europe and 
America. Homalocrinus and Calpiocrinus are confined to England and Got- 
land, while Asaphocrinus and Nipterocrinus have not been found outside of 
America. 
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Geological and Geographical Distribution 
Number of known species 


(Open figures indicate American, those marked ( ) European) 
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LECANOCRINUS Hall 
Plates I-III 


Lecanocrinus Hall, Nat. Hist. New York, Pal. II, 1852, p. 199.—Pictet, Traité Palaeontologie, IV, 1857, 
p. 319.—Bronn, Klassen u. Ord. Thier-Reichs, II, 1860, p. 231.—Schultze, Mon. Echinodermen 
Eifler Kalkes, 1867, p. 40——Beyrich, Monatsber. Akad. Wiss. Berlin, 1871, p. 42 (Transl. in Ann. 
and Mag. Nat. Hist., (4) VII, p. 403—Quenstedt, Petref. Deutschlands, IV, 1876, p. 516—Angelin, 
Icon. Crin. Sueciae, 1878, p. 11.—Von Zittel, Handbuch Palaeontologie, 1879, pp. 343, 355; Grund- 
ziige Palaeontologie, 1895, p. 138—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 
1879, p. 39; Proc. Acad. Nat. Sci. Philadelphia, 1890, p. 388—Oehlert, Bull. Soc. Geol. France 
(3) X, 1882, p. 354.—Miller, N. A. Geology and Palaeontology, 1889, p. 257——Zittel-Eastman, Text- 
book Palaeontology, 1896, p. 163 (2d Ed. 1913, p. 203).—Bather, Rep. British Assoc. for 1808 
[1899], p. 923; Treatise on Zoology (Lankester), pt. 3, 1900, p. 188—Weller, Bull. 4, Chicago 

~ Acad. Sci., VII, 1900, p. 147——Springer, Amer. Geologist, XXX, 1902, p. g4; Jour. Geology, XIV, 
1906, pp. 491-501. 

Cyrtidocrinus Angelin, Icon. Crin. Sueciae, 1878, p. 20——Wachsmuth and Springer, Revision Palaeoc- 

rinoidea, pt. 3, 1886, p. 144. 


Fic. 12. Lecanocrinus 


Lecanocrinidae with rays in contact except at anal side. Crown short and 
ovoid, main expansion in zone of radials; calyx well differentiated. Infrabasals 
usually more or less erect forming part of the calyx wall. Radianal rhombic, 
obliquely to lower left of right posterior radial, resting on basals, not touching 
right anterior radial. Anal + alone, filling posterior interradius; no inter- 
brachials in other areas. Primibrachs two, exceptionally one. Arms dichoto- 
mous, interlocking. Column not enlarging proximally, or but little; columnals 
usually alternating from the top, becoming uniform farther down. 

Genotype. Lecanocrinus macropetalus Hall. 

Distribution. Silurian and Devonian; Continental Europe, England, and 
North America. 


Lecanocrinus is the type of its family, having usually a short, ovoid crown, with base 
well developed, both infrabasals and basals more or less erect forming an important part of 
the calyx wall. The chief expansion is in the proximal region of the crown, producing the 
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form of a calyx composed of prominent basal and radial plates, and well differentiated from 
the succeeding structures. In this respect it is in marked contrast with Ichthyocrinus and its 
allies, in which the base and the radials are an immaterial part of the crown, whose expan- 
sion is chiefly above their level. Therefore there is not the wedge-like widening of the rays 
from an insignificant radial to larger and increasingly wide primibrachs so characteristic of 
Ichthyocrinus ; but their form is fixed by the width of the radials, to which they substantially 
conform except in the posterior rays, where there is some widening of the brachials to form 
an arch over the anal plate. Hence in a typical species the sides of the rays are approxi- 
mately parallel; but there are species somewhat intermediate in this respect in which the 
radials are diminished and the primibrachs increase. The genus is remarkable for the occa- 
sional occurrence of only one primibrach. The usual number is two, and there are few ex- 
ceptions to this in the Silurian species; but in Schultze’s L. roemeri, from the Devonian, it 
varies with the individual, one being more frequent than two. Secundibrachs vary from 
three to four, some specimens of L. macropetalus having three in all rays, some four in all, 
while others have both numbers with varying degrees of preponderance. Tertibrachs, which 
are rarely seen in full except in the last-named species, vary from six to nine, with another 
bifurcation above. 

In the condition of the radianal this genus is not so primitive as genera like Ichthyo- 
crinus, in which that plate is in the position of the lower half of a compound radial, or the 
inferradial; here it is oblique, resting upon the right shoulder of the posterior basal, and 
therefore, not being in contact with the right anterior radial, its outline is necessarily quad- 
rangular (frequently with slight curvature at the sides) instead of pentangular as in those 
cases. In this condition it passes from the Silurian into the Devonian, where the radianal is 
somewhat reduced in size; and it is succeeded in the Carboniferous by Mespilocrinus, in 
which the radianal has entirely disappeared. 

The infrabasals typically are large and well-developed plates, standing erect and form- 
ing a part of the calyx wall;+ in some species they are less prominent, but in none except 
Lecanocrinus meniscus are they such insignificant’ plates hidden under the column as in 
Ichthyocrinus. The three Devonian species show a departure from the family type of large 
infrabasals, but in that horizon we may always expect to find variation and uncertainty of 
characters in preexisting genera. The basals are very large, often forming half the calyx 
up to the radial facets ; the posterior basal, by reason of its contact with the anal and radianal 
plates, is of a very different shape from the others, its geometrical figure necessarily result- 
ing from these connections ; it is not larger than the others, and does not rise to such a great 
height as in Mespilocrinus. The anal plate, truncating the posterior basal and forming one 
boundary of the radianal, is very large, often rising to the height of the first secundibrach ; 
it completely fills the interradius, and suturally connects by definite sides and angles with 
the plates of adjacent rays, which arch over it, and abut in line above its apex. The arcuate 
sutures are not usually so prominent in this genus, being scarcely ever seen on the radials. 
The calyx of Lecanocrinus is much more strongly constructed than that of Ichthyocrinus ; 
its walls in the lower part are thicker, and the base less liable to distortion. 

There is also a very distinct difference in the column from Ichthyocrinus. Instead of 
having a turbinate enlargement of equally thin plates at the proximal end enveloping the in- 
frabasals and sometimes a portion of the succeeding plates (Pl. XX XIII), it is here cylin- 
drical, of much less diameter than the infrabasal ring; and the proximal columnals in some 
cases begin at once to alternate in length, gradually increasing until the internodals disappear, 
and the ossicles become uniformly longer and rounded on the sides. In some species there is 
no visible alternation of short columnals, and in some the contrast is carried to an extreme. 

This genus has been confused with Aisocrinus by Angelin, who figured under it a speci- 
men of that genus, and it was classed by him in the family Homalocrinidae, along witb 


* Text-fig. 9, p. 117. 
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Homalocrinus, Calpiocrinus, and Anisocrinus; but it is broadly separated from all these by 
the absence of interbrachial structures. 

Hall’s generic diagnosis of Lecanocrinus+ contained chiefly what we now regard as 
family characters, but he noted the presence of an “interscapular” (anal) plate. With his 
usual strong grasp of fundamental relationships in fossils, even at that early day when these 
matters were by no means understood as they are now, he was struck by what he called “a 
very interesting analogy ” between this form and Jchthyocrinus. He showed how, if the 
“three minute plates ” at the base of the latter should be more fully developed, “ we should 
have the pelvis of Lecanocrinus”; and a like development of the five “triangular pelvic 
plates” of Ichthyocrinus would produce the “costal plates of Lecanocrinus.” And he pro- 
ceeded to show a still further analogy between the two genera by reference to a diagram 
(op. cit., pl. 45, fig. 2) showing a small intercalated plate, which he compared to the “ inter- 
costal plate” (radianal) which he had described in Lecanocrinus. This diagram, however, 
simply shows an exceptional case, of which I have seen two or three, where an accidental 
interbrachial plate appears ; it has no place in the structure of Ichthyocrinus. 

Schultze * discussed the genus in connection with his species from the Devonian, and 
proposed to extend its geological range by including the two species described by De Koninck 
under Mespilocrinus, which he declared “‘ undoubtedly belong to Lecanocrinus.” The im- 
portance of the radianal as distinguishing these two genera had not then been recognized, but 
Schultze did not overlook the plate, which he called a second smaller interradial, saying that, 
“according as it is more or less developed is to be reckoned either with the radial or para- 
basal ring.” 

Bather * correctly diagnosed the genus, and placed it in a family with [chthyocrinus, 
Chidochirus, Mespilocrinus, Pycnosaccus and Nipterocrinus, which in regard to the last three 
agrees with the present arrangement. 

Angelin’s Cyrtidocrinus,* said by him to have four “ basalia”’ (7. e., infrabasals), and for 
that reason referred to a different family, is a synonym of this genus. It was founded upon 
incorrect observation, as Liljevall’s figures of the principal specimens show (Pl. II, 
figs. 16-20). 

Billings ® referred to this genus two species which made confusion for a time, as they 
possess scarcely any of its characters, but belong to the Taxocrinidae. 

Although Lecanocrinus is thus very satisfactorily defined generically, the discrimination 
of its species is often very difficult and unsatisfactory. It is a simple form, with not many 
points of variation to furnish diagnostic characters, and many of the specimens are small. 
No less than 14 species have been described under this genus or are referable to it, and as to 
over half of them no assistance whatever can be had from the author’s descriptions to show 
wherein they differ from others. Hence criteria for separation must be independently sought. 
In general form we have the difference between a concave and convex base; nearly all the 
species fall under the latter category, and under it there seems to be every gradation in form 
of calyx from elongate to depressed, and from conical to globose. Surface characters count 
for something, and beyond this we must rely on the form and relative dimensions of the anal 
plate, size of basals, radials and primibrachs, the protuberance of the base, and the character 
of the column facet. 

The geological range of Lecanocrinus is considerable, beginning with the type species 
in the Rochester shale, and extending through the Laurel, Waldron, Brownsport, Racine, and 
Louisville of the Silurian to the Middle Devonian. It is represented in America by seven 


* Nat. Hist. New York, Paleontology, vol. 2, p. 199. 

* Monograph Echinodermen des Ejiflerkalkes, 1867, p. 40. 
*Lankester’s Treatise on Zoology, pt. 3, p. 188. 

*Tconog. Crin. Suec., 1878, p. 20. 

* Canadian Organic Remains, Decade 4, 1859, p. 47. 
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described species and by a like number in Britain and continental Europe at corresponding 
Silurian and Devonian horizons. 

I take the chief comparative measurement of general dimensions in this genus at the 
apex of the axillary primibrach, as in some species the arms infold before the next bifurca- 
tion, and in many specimens they are not preserved. All measurements are in millimetres. 
To facilitate comparison, I have arranged the Silurian and the Devonian species in separate 
groups. 

THE SPECIES OF LECANOCRINUS 
Silurian Species 
I. IBB protuberant. 
Surface smooth. 
RR large. Anal x large, and rising high above radials. 


Bp lances CrowniOvoldeerrn errr reer ee rarer re L. macropetalus. 
Crown pyqitOriml sat corer CIN tere er eres L. solidus. 

Surface ornamented, calyx plates thick. : 
RR large. Anal x» short and wide, crown subglobose................. L. pusillus. 
RR small. Anal «+ long and narrow, crown ovoid................... L. billingsi. 


II. IBB not protuberant. 
Base not concave. 
RR large, IBr short. Anal x not projecting high. 
Anal x truncate. IBB visible in side view. 
Surface fine pitted network. 


Caliyscswaillsthium) 27 sets spss atta el eeasite ooo ee eee eae tole L. facietatus. 
Surface coarse granules. RR smaller. 

Gatlyse.walllsiithick (on .c5. 5 hike vie tofoarsits onus est tiee HOR EP L. lindstromi. 

Anal # acuminate. IBB not visible in side view. 
Callysxcwalll sy thine. 3. folate sioner ohesacoe erates eleanor L. pisiformis. 

RR small. IBr long, increasing in width upward. 
DBE svisibles sBasesroundedter eran seen emer L. bacchus. 
Basenthuncateye > an culareanee eee eee ere L. angulatus. 
IBB invisible. Base truncate, involving part of BB............... L. meniscus. 


Base concave. 


BB large. RR small. 
liBiBMareynadiatino nid sesvonsplacesne meee eee eee L. waukoma. 


Devonian Species 
IBB not protuberant. 
Base excavate. Anal + not projecting. 


Calyxpentanculan: Comeeimocursce tec ee rae oe eC CeIEe oe: L. roemeri. 
Base truncate, calyx circular. 
Anal “little projecting, sunfaceicoarsely;oranular-me aes eee anes L. sovyet. 


ANTAL GF Oem yer Inahi aloe IIR, oscccscccgavaccoac0e L. magnaradialis 
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Lecanocrinus macropetalus Hall 
Plate Ill, figs. 1-18 


Cyathocrinus ? Hall, Geol. Fourth District New York, 1843, Tables Organic Remains, No. 21, figs. 5, 
5a, 5). 

Lecanocrinus macropetalus Hall, Nat. Hist. New York Pal. II, 1852, p. 199, pl. 45, figs. 1a-/.—Bronn, 
Klassen Ord. Thier-Reichs, pl. 27, figs. 6a-d.—Beyrich, Monatsber. Acad. Wiss. Berlin, Feb., 1871, 
p. 46 (Transl. in Ann. and Mag. Nat. Hist. (4) VII, p. 404) —Quenstedt, Petref. Deutschlands, 
IV, 1876, p. 516, pl. 108, fig. 26—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, 
p. 40; Proc. Acad. Nat. Sci., Philadelphia, 1888, p. 357——Miller, N. A. Geology and Palaeontology, 
1889, p. 257, fig. 348—Grabau, Bull. 45, N. Y. State Mus., IX, 1o01, p. 160, fig. 55—Springer, 
Jour. Geology, XIV, 1906, pl. 6, figs. 13, 14. 

Lecanocrinus puteolus Ringueberg, Bull. Buffalo Soc. Nat. Sci., V, 1886, p. 11, pl. 1, fig. 8. 

Not Lecanocrinus macropetalus, Angelin, Icon. Crin. Sueciae, 1878, p. 12, pl. 109, figs. 3, 4; pl. 22, 
fig. 24 = Anisocrinus angelinti W. and Sp. 


Type of the genus. 

A large species, variable in size. Crown elongate ovoid, evenly curved and 
without angularity; base rounded, sometimes protuberant; average height to 
width at [Ax, about 1 to 1.1; at 11Brs, 1.1 to 1; at distal face of RR, 1 to 1.6. 
Surface smooth; calyx plates thin. Maximum crown, 30 mm. high by 20 mm. 
wide at 1] Brs; column facet, 5 mm. 

IBB large, protuberant. BB large. Anal x very large, often reaching to 
TIBr, projecting at least half its height above level of radials. RR large, three 
times the height of IBr. Relative height in millimeters of B to R to IBr, 8:6:1.5. 
IBr 2; 11Br 3 or 4; either in all the rays, or varying in different rays of the same 
specimen; II] Br 6 to 10 or more, the greater number in the outer ramus. Rays 
interlocking to I]Br, closely abutting and infolding above; not increasing in 
width upward. Arms flush with the general curvature, without angularity or 
marked convexity; diminishing rapidly in width from IIBr up. Column facet 
concave, shallow, not indented. Column with decided alternation of long and 
short columnals next to the calyx, the longer ones rounded, gradually becoming 
uniform; the contrast between long and short ossicles is greater in young 
specimens. 


I usually omit from the diagnosis of this and following species characters which are 
merely generic, common to all the species of the genus; or which necessarily result from its 
essential structure; such as the presence, absence, or position of radianal plates, or the number 
of primibrachs, except when the character is subject to variation within the genus; also 
characters which are fundamental. for the entire group, such as the number of infrabasals, 
basals, and radials. Such repetition not only serves no good purpose toward specific defini- 
tion, but is pedantic and wearisome, too often put into specific descriptions for the purpose of 
“ padding,” to conceal the insufficiency of real specific characters, or the indisposition of the 
author to take the trouble of ascertaining or clearly stating what they are. 

It is fortunate that this, the typical species of the genus, is fairly abundant at the original 
locality, Lockport, New York and in the same shales at Grimsby, Canada. The word 
“abundant ” is used in a relative sense, for the sum total of Dr. Ringueberg’s*collecting for 
over 20 years and of my own subsequently is about 20 specimens, and Sir Edmund Walker’s 
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collection from Grimsby contains about the same number. The Hall collection in the Amer- 
ican Museum has about a half dozen. By a selection of specimens from these collections, and 
a few obtained by me from other sources, we are enabled to illustrate the species in great 
variety as to form and maturity. Most of them are flattened by pressure and give a wrong 
impression of the true outline. A few, such as figures 17 and 18 on Plate III. are undistorted 
and show the correct figure, which is an elongate ovoid with the widest part above the upper 
primibrach, and a relative height to width at that level of about 1 to 1.1. Many measure- 
ments and calculated diameters yield about the same general average in form and propor- 
tions ; and observation of about 4o specimens shows no variation in the normal number of two 
primibrachs, but variation from three to four among the secundibrachs. The radial is a large 
plate, of more than the combined height of the three succeeding brachials—a proportion which 
differs considerably in different specimens. 

On comparing the young with the mature specimens a great difference is observed in 
the development of the arms. Ina full-grown specimen (PI. III, fig. 10) three bifurcations 
are in view; those of medium size (figs. 17, 18) show but two; while in a very young indi- 
vidual there is but one (figs. 15, 16). This juvenile character in the brachials becomes con- 
stant in another species, as will be seen farther on. The axial canal in the column is rounded 
or obscurely pentangular, but at the inner surface of the infrabasals it enlarges into a trian- 
gular opening, bounded by a low rim, with the angles directed to the middle of the infrabasal 
plates (Pl. IL, figs. 6a, b); this is similar to the structure seen in Forbesiocrinus and 
Ichthyocrinus. 

I have figured three of Hall’s types from the American Museum. His figure 1a (Nat. 
Hist. New York, Pal., vol. 2, pl. 45) is incorrect in the drawing of the arms above the ‘first 
bifurcation, where it shows only a single secundibrach. The divisions of the higher brachials 
are not always easily observed in the specimens as found, and these details were not thought 
so important at that time. Similar errors appear in his figure 1b, where the left posterior ray 
is incorrectly made to show three primibrachs; but in Hall’s description the facts are cor- 
rectly stated. 

Ringueberg’s L. puteolus is probably a calyx of this species injured by parasites. Hall’s 
Lecanocrinus simplex (op. cit., 1852, p. 202, pl. 46, figs. 2a-e), is doubtless a very young 
Ichthyocrinus, and the figures as to details of base and surface ornament are probably not 
strictly correct; the specimen cannot be found, but I have figured two similar ones under 
Ichthyocrinus laevis. 

Types. In the American Museum of Natural History, New York. The original of 
Plate III, figure 7, is in the University of Toronto; the other specimens figured are in the 
author’s collection. 

Horizon and locality. Silurian, middle third of the Rochester shale; Lockport, New 
York, and Grimsby, Canada. It has not been found in the equivalent Osgood formation, nor 
in the Waldron shales of Indiana and Tennessee. 


Lecanocrinus solidus Ringueberg 


Plate III, fig. 19 
Lecanocrinus solidus Ringueberg, Bull. Buffalo Soc. Nat. Sci., I, 1886, p. 8, pl. 1, fig. 4. 
A large species. Crown elongate, pyriform; height to width at IAx, 1 to 
1.1; base narrow, its side outline continuous with the column, and concave for a 
short distance. Surface smooth. Height of crown, 30 mm., width at IIBr,, 
18 mm.; column facet, 5 mm. 
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IBB protuberant, very large, forming a truncate cone. BB large. Anal + 
high, acute-angular, extending for one-half its height above the radials. RR 
proportionally small, not over twice the height of IBr; height of B to R to IBr, 
6:5:2.5. IBr2;1I[Br 3 inall rays visible; I1IBr6to9. Arms bifurcating again 
before infolding; rather flat and tapering but little. Column large, as wide as 
the truncate base; with strong alternation of long and short ossicles beginning 
at the proximal end and continuing for more than 20 long nodal columnals with 
short internodals interposed. 

This species is represented by a single specimen, no other except Dr. Ringueberg’s type 
having been found; but that is a remarkably fine and perfect one. While its relative dimen- 
sions at the upper primibrach are about the same as those of L. macropetalus, the outline of 
the calyx is altogether different, and the proportions of the infrabasals, radials, arms and 
column give it quite another aspect from that species. It was found in the lowest of the 
shales at Lockport, therefore below the zone of L. macropetalus. 

Type. Author’s collection. 

Horizon and locality. Silurian, lower third of Rochester shale; Lockport, New York. - 


Lecanocrinus pusillus (Hall) 


Plate I, figs. I-13 


Cyathocrinus pusillus Hall, Adv. Abstr. Trans. Albany Inst., IV, 1863, p. 6; Final Rep., 1864, p. 200; 
Prelim. Notice 18th Rep. N. Y. St. Cab. Nat. Hist., 1865, p. 20; 20th Rep., 1868, p. 324; Revised 
Ed., 1870, p. 366—Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 363. 

Lecanocrinus pusillus Hall, 28th Rep. N. Y. St. Cab. Nat. Hist. (Doc. Ed.), 1876, expl. of plate 15 
(Mus. Ed., 1870, p. 136, pl. 15, figs. 1-6); 11th Rep. Geol. Nat. Hist. Indiana, p. 267, pl. 14, figs. 
1-6; pl. 15, fig. 7—-Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40.— 
Weller, Bull. 4, Chicago Acad. Sci., pt. 1, 1900, p. 148, pl. 1'5—Foerste, Bull. Geol. Soc. America, 
XII, 190t, p. 443; Jour. Geology, XI, Oct.-Nov., 1903, pp. 708, 712. 

Lecanocrinus Tennesseensis S. A. Miller, Adv. sheets 17th Rep. Geol. Surv. Indiana, 1891, p. 41, pl. 7, 
figs. 7, 8; Final Rep., 1892, p. 651. 


A medium-sized species. Crown subglobose, widest at [Ax where height 
to width is I to 1.3; average height to width of 15 specimens at top of RR, 1 to 
1.65; base rounded. A complete crown is 19 mm. high by 15 mm. wide at top of 
TAx; maximum calyx, 10 mm. high by 16 mm. wide at RR; width at column 
facet, 3.5 mm.; minimum calyx, 5 by 9. Calyx walls thick. Surface ornamented 
with fine raised granules, often coalescing into a wrinkled lace-work. 

IBB large, usually following the curvature of adjoining plates; visible in 
side view, and often protuberant. BB large. Anal « short and wide (almost 
as wide as high), projecting half its length above the radials. RR large, about 
two and one-half times the height of primibrachs; average height of B to R to 
IBr, 5:5:1.5. IBr 2; 11Br 3 or 4, with another bifurcation visible. Rays closely 
abutting, sides about parallel; arms flat, longer than in L. pisiformius, and not 
tapering so rapidly. Column facet shallow, saucer-shaped. Column rather large, 
composed from the top down of wide and conspicuous rounded nodal columnals, 
with narrow internodals regularly intercalated. 
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Lecanocrinus pusillus belongs to a more globose type than L. macropetalus, and differs 
in the surface ornamentation. It may be considered as corresponding in a general way to 
L. billingsi of the Gotland rocks, just as L. pisiformis does to L. facietatus. It has the same 
thick calyx walls, so that specimens are rarely Hattened. As compared with L. pisiformis it 
has a lower and broader calyx, the crown not constricted at the primibrachs, larger infra- 
basals and basals, and smaller radials. The broad and relatively low obtuse-angled anal plate, 
shallow column facet, and thick calyx walls are plain and evident characters to distinguish it 
from the species most likely to be encountered in the same region. There is some variation 
in the protuberance of the infrabasals, this being quite marked in some specimens. The sur- 
face ornament was evidently strong, as it is usually preserved on the specimens. In addition 
to the enlarged view shown on Plate I, figure 4c, the surface markings may be seen with an 
ordinary magnifier on two of the full figures 4b and 10 on the same plate. 

The species is a very characteristic fossil of the Niagaran shales at Waldron, Indiana, 
and Newsom, Tennessee, but has not been found at Lockport, or other New York or Canada 
localities. It is not so abundant as the species from the Brownsport limestone, and is rarely 
found with any part of the arms attached. But a single specimen is known with the arms 
complete, and that is the one figured by Hall in the 11th Indiana Report, plate 15, figure 7, 
and now in the New York State Museum (PI. I, figs. 3a, b). Another specimen in my col- 
lection preserving the rays to IIBr,, also from Waldron, is an unusually elongate form, 
(fig. 9) but has the characteristic surface ornamentation (not shown in the figure), and is 
undoubtedly a variant of this species. One of Hall’s type specimens (28th Rep., pl. 15, 
fig. 5) had abnormally a second anal plate which he made a specific character ; his other speci- 
men (his fig. 4) shows the usual form of the single plate, which I have found constant in 25 
specimens from two localities. One of my specimens has an abnormal base, the proximal 
ring being composed of three small infrabasals and one large plate which combines the func- 
tions of both infrabasal and basal, there being but four of the latter. The column of the 
perfect specimen is so very unusual for this genus as to be almost abnormal; such extreme 
contrast in the size of the alternating columnals I have not seen in any other species. 

Hall described this species originally under Cyathocrinus; but a few years afterwards 
he saw its relation to his own genus and made the reference accordingly in the 28th Report. 

Types. The originals of the 28th Report, plate 15, figures 1-6, are in the American 
Museum of Natural History, New York; that of the 11th Indiana Report, plate 15, figure 7, 
is in the New York State Museum. The other specimens figured are in the author’s collection. 

Horizon and locality. Silurian, Waldron shales; Waldron, Indiana, and Newsom, Ten- 
nessee. Also rarely in the Laurel beds at St. Paul, Indiana. 


Lecanocrinus billingsi Angelin 
Plate Il, figs. 1-15 


Lecanocrinus billingsi Angelin, Icon. Crin. Sueciae, 1878, p. 12, pl. 22, fig. 25a—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40. 


A small species. Similar to L. pusillus, but in general the calyx is propor- 
tionally lower and broader, the average of several specimens giving height to 
width at [Ax of 1 to 1.4; at top of RR, 1 to 1.8. It is less rounded below, RR 
shorter, and IBr proportionally longer; height of B to R to IBr, 2.5:2.7:1.2. 
The arms are proportionally heavier, more rounded, longer and extending higher 
up before infolding. Column composed of short ossicles, increasing in length 
but of uniform width, without alternation in either. Surface marked by fine 
granular network. Maximum crown is 16 mm. total height by 10 mm. wide at 
TAx; at RR, 5 mm. by 8.5 mm.; width at column facet, 2.5 mm. 
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This is one of two rather abundant species in Gotland corresponding somewhat to 
L. pusillus and L. pisiformis of the American Niagaran. They occur in different localities, 
the present species being found in the vicinity of Wisby, in horizon d, whereas the other is 
from the south of Gotland. This is of the typeof L. pusillus, having the same thick calyx 
walls, and distinct though very fine granular ornamentation; yet there is enough constant 
difference to preclude its reference to that species. Its average size is nearer that of 
L. pusillus, but it is otherwise not at all like that species ; nor does it represent a juvenile type, 
the arms being heavy and well developed to the third bifurcation. There are 148 specimens 
in the Riks Museum, of which 14 have more or less of the arms preserved. In these 14 there 
are 40 complete rays, and with one exception they all have two primibrachs. Among this 
large number of specimens are some interesting variations in the construction of the calyx 
parallel to what is shown in our Tennessee species. These variations, shown on Plate LI, 
are chiefly in the development of the plates of the anal side, on which some of our most 
important generic distinctions are based. 

Three of the specimens have an abnormal radianal; one has RA unusually small and 
triangular instead of quadrangular (fig. 8) ; one has RA in primitive position below r. post. R, 
as in Clidochirus (fig. 9) ; while in the third the RA lies vertically below the anal x (fig. 10). 
Nine specimens have no radianal at all (a Silurian Mespilocrinus), the space belonging to the 
missing plate being filled up in different ways; six of them have the posterior basal much 
enlarged (fig. 11) ; two have the right posterior basal enlarged (fig. 12) ; while the remain- 
ing one, not figured, is a deformed specimen with only four radials and two.basals. In three 
specimens the large anal + is wanting; one having RA normal (fig. 13) is unlike any de- 
scribed genus; a second has RA in primitive position like [chthyocrinus (fig. 14) ; and the 
third is hopelessly malformed. In addition to these there is another specimen with normal 
RA and anal « which has only three large radials completing the circlet, and a basal ring of 
seven plates of varying size and form abutting upon the infrabasals; and besides these a 
quadrangular plate (a sort of supernumerary RA) between the ring of basals and radials 
to the right of the r. post. B (PI. I, figs. 15a, b). 

In sufficiently energetic hands this little collection of abnormal Lecanocrini, although 
from the same area and horizon, might form the basis of a choice assortment of new genera 
and species, such as have sprung up in some of our rich American localities. Yet it is per- 
fectly evident that they represent merely the variations of a single prolific species, either 
reproductions of different: embryonic or larval stages, or mere sporadic malformations. 
Figure 3 gives an inside view of the calyx, showing very plainly the triangular enlargement 
of the axial canal. 

Types. Angelin’s principal figure (Icon. Crin. Suec., pl. 22, fig: 25) is a restoration, 
but the specimen on which it was based is refigured on Plate II, figure 1. That and all the 
other specimens figured herein are in the Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon d; Wisby, Island of Gotland, 
Sweden. 


Lecanocrinus facietatus (Angelin) 
Plate Il, figs. 16-21 


Cyrtidocrinus facietatus Angelin, Icon. Crin. Sueciae, 1878, p. 20, pl. 21, figs. 13-14a—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 145. 


A small species. Crown subglobose, obtusely rounded or truncate below, 
widest at top of [Ax; average height to width at that level about 1 to 1.1; at top 
of RR, 1 to 1.3. Surface marked by small pits, producing a very fine network 
usually not preserved in the specimens. Calyx plates thin. Maximum specimen 
-at [Ax, about 10 mm. high by 11 mm. wide; at RR, 8 mm. by 11; width at 
column facet, 3.5 mm. 
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IBB not prominent, but visible in side view. BB large. Anal «+ truncate 
or obtusely angular, scarcely higher than radials. RR very large, four or five 
times the height of IBr; height of B to R to IBr, 3.5:4.5:1. IBr variable, one 
or two. Higher brachials and column unknown. 


Angelin thought this species had four “ basalia”” (infrabasals), and therefore proposed 
for it the genus Cyrtidocrinus, This was due to incorrect observation, and his genus cannot 
be upheld. The type specimen cannot be identified, and his figures show a peculiar surface 
marking, as if there were depressed strips on the plates running parallel to their margins such 
as I have seen occasionally in other species (cf. L. macropetalus, Pl. III, figs. 8a, b) ; but this 
was evidently much exaggerated by the artist, as it is not shown on any of Mr. Liljevall’s 
drawings. 

There are two abundant and well-marked species of Lecanocrinus in Gotland. One 
occurs in the northern region at and near Wisby, in horizon d, and it has very thick calyx 
walls, high, acute-angled anal x, and relatively small radials; the other occurs at Nafdem, 
Hablingbo, and other localities in the south of Gotland in horizon c or d, and has a thin 
calyx, low obtuse-angled anal x, and very large radials. The first, as we have already seen, 
is L. billingst. The second is considered at the Riks Museum to be L. facietatus, and the form 
of the anal plate in Angelin’s figures indicates the correctness of this reference. 

Of this species there are about 120 specimens in the Riks Museum, but very few with 
any part of the arms attached. There seems to be more irregularity in the number of primi- 
brachs than is usual in Silurian species. Out of 12 specimens of which the 1Br are preserved 
in 26 rays, 15 rays have two IBr, and 11 have only one. The form bears considerable re- 
semblance to L. pisiformis from Tennessee, especially in the low anal + and very large 
radials ; but it has better developed infrabasals and a more truncate base, and differs in the 
surface ornament—the latter a poor criterion practically because the surface is rarely well 
preserved. It is probable that the so-called ornament which I have illustrated on Plate 
II, figures 19d, 21c, is nothing more than the network formed by the surface growth of 
stereom, and that this surface ought to be called smooth. 

Type. Cannot be identified; the specimens figured herein are all in the Riks Museum, 
Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizons c and d. Nas, Nafdem and 
Hablingbo, Gotland. 


Lecanocrinus lindstrémi n. sp. 
Plate I, figs. 22, 23 


Similar to L. facietatus as to the anal plate, but having proportionally 
stronger IBB, thicker calyx walls, and a different style of surface ornament 
consisting of small raised granulations similar to those of L. billingsi, but 
coarser. Crown more elongate than in that species, the relative height to width 
at I[Br being I to I as against I to 1.4; the anal plate and flat, short arms also 
perfectly distinguish it. It has the same irregularity in number of IBr found in 
L. facietatus, having 2 in three rays, and 1 in two rays. Maximum crown, 
13 mm. high by 10 mm. wide at top of RR; width of column facet, 2.5 mm.; 
height of B to R to IBr, 3:4: 1. 


This form is represented by two well-marked specimens, which come from the extreme 
south of Gotland in a different locality from that of either of the other Gotland species. The 
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surface ornament is prominent enough to show in the double-sized figures without further 
magnification as is necessary in L. facietatus, and if that character is of any value in this 
group the two species are distinguished by it, as well as by the thicker walls. The principal 
specimen has some indication of the depressed areas on the plates shown in Angelin’s figures 
of L. facietatus. 

Types. Inthe Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock Group, bed d; Hoberg, Gotland. 


Lecanocrinus pisiformis (Roemer ) 
Plate I, figs. 14-36 


Poteriocrinus pisiformis Roemer, Silur. Fauna Westlichen Tennessee, 1860, p. 54, pl. 4, figs. 7a-d.— 
Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 392—Hall, 20th Rep. N. Y. St. Cab. Nat. Hist., 
1868, p. 324; Rev. Ed., 1870, p. 366. 

Arachnocrinus pisiformis, Meek and Worthen, Geol. Surv. Illinois, II, 1866, p. 177—-Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 94.—Miller, N. A. Geology and Palaeontology, 
1889, p. 224, text-fig. 248; 17th Rep. Geol. Surv. Indiana, 1892, p. 651 (Adv. Sheets, p. 41). 

Cyathocrinus pisiformis, Whitfield, Geology Wisconsin, IV, 1882, p. 353. 

Lecanocrinus pisiformis, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 227— 
Pate and Bassler, Proc. U. S. Nat. Mus., XXXIV, 1908, p. 419. 

Lecanocrinus hemisphericus Rowley, Amer. Geologist, 1904, p. 281, pl. 16, figs. 17, 18, 19. 


A small species. Crown subglobose, widest about the middle of RR; in 
25 specimens the average height at top of RR to greatest width is I to 1.3; 
constricted distally, so that the average height to width of 12 specimens at [Ax 
is 1.3 to 1; base rounded. Calyx walls thin. Surface generally smooth, but 
good specimens show a very fine granular network seen only under a strong 
magnifier. Height and width of complete crown in average specimen, 8 by 
8 mm.; maximum specimen at top of RR, 9 mm. high by 11 mm. at middle of 
RR; minimum specimen at same level, 3.5 by 4, and at IAx, 4.5 high by 3 wide; 
width of column facet, 2mm. 

IBB small, not protuberant, scarcely visible in side view. BB small. Anal 
x long, narrow, once anda half as long as wide, projecting not over about a third 
of its length above the radials. RR large, four times higher than IBr, and 
equaling the total height of the folded brachials. Height of B to R to IBr, 
3:4:1; large specimen 4.5:5:1. IBr 2. Arms short, flat, diminishing rapidly; 
second bifurcation not visible in folded crown. Column facet indented. Column 
small; proximal columnals very long, without intercalated plates. 


This species, chiefly from the late Niagaran limestone of Tennessee, bears the same 
relation to L. pustllus of the Waldron shales that L. facietatus does to L. billingsi in the 
Wenlock beds of Gotland. It has always been considered a rare crinoid, until Professor Pate 
in the summer of 1906 collected for me about 225 specimens, mostly from a single locality. 
Notwithstanding its rarity, however, it has been from the time of Roemer a well-known 
fossil to the various paleontologists who have collected in that region. The species has a 
peculiar facies by which it is readily recognized. When the arms are attached the crown is 
almost a perfect sphere, somewhat constricted at the upper end. The calyx to the upper mar- 
gin of the radials is three-fifths of the total height of the crown, and the arms are so short, 
rapidly tapering and infolding, that the second bifurcation is rarely seen—the plates closing 
in at the summit being the secundibrachs. This juvenile character prevails throughout all the 
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variations in size from the smallest, 3.5 mm. in diameter, to the largest, 11 mm. A large part 
of the spheroid is taken up by the radials, which occupy over two-thirds the surface of the 
calyx, while the basals and radianal are small. The anal plate thus becomes proportionally 
long and narrow; it only projects about one-third its length above the radials, and the pro- 
jection is shorter and more obtuse in young specimens. The primibrachs are constant at two 
in 60 rays of 19 specimens having more or less of the arms preserved. 

By the above proportions of the calyx plates, as well as by the thinness of the walls, it is 
well distinguished from L. pusillus of the earlier shales. By comparing the numerous figures 
on the same plate, it will be seen how much larger are basals and radianal in that species, 
tending to encroach upon the radial circlet, giving it greater width and less proportionate 
height ; so that the anal plate, although projecting for nearly half its length above the calyx 
level, is nevertheless but little if any longer than wide. There is also a constant difference 
in the form of the column facet, which in this species is sharply excavated and indented, 
leaving vertical sides, whereas in L. pusillits it is shallow and saucer-shaped ; and it is accom- 
pamied by more protuberant infrabasals. The stem of the two species is decidedly different, 
that of L. pisiformis being considerably unlike the prevailing form in the genus, and exhibit- 
ing in its very long columnals of uniform width without intercalation of short ones between 
another juvenile character (PI. I, fig. 16). On an average L. pusillus is much the larger 
species of the two, although specimens of it are found which are smaller than the maximum 
size of L. pisiformus. It has also much stronger and thicker calyx walls (Pl. I, figs. 5, 18). 

There is no other described American species with which this one need be compared 
except L. hemisphericus Rowley, which is evidently founded upon a very young specimen of 
this species. I have figured Professor Rowley’s types (PI. I, figs. 31, 32), and it would be 
difficult to separate them from many of the Tennessee specimens of like size and proportions. 
I have also figured two specimens from Jefferson County, Kentucky (figs. 34, 35), which I 
refer to this species with some doubt. They were in the Lyon collection, found by Col. Lyon 
in the Niagaran limestone near Louisville, at a horizon considerably higher than that of the 
Tennessee beds. These two specimens are of maximum size for the species, figure 34 being 
larger than any from Tennessee; they are somewhat flattened, but appear proportionally 
wider, and the anal plate broader, than is usual in the species. The strongly beveled edges 
of the brachials indicate a mature growth, but some approach to this can be seen in other 
specimens. Both specimens have a little different aspect from those from Tennessee, and 
the basals are proportionally larger; but they have the same infrabasals, indented column 
facet, and juvenile proportions of the arms. I am unable to point out constant differences on 
which to base a new species for them, and I think they must be regarded as representing an 
advanced stage of growth in the present species. 

L. pisiformis is more like the Gotland species L. facietatus than any other, and I was at 
first inclined to consider them identical. They have the same thin calyx walls, large radials, 
and long, narrow anal plate, projecting but little above the calyx; but on comparison the 
Swedish form has a broader and more truncate base with more prominent infrabasals, and 
the anal plate is much less angular above. 

In this prolific species, as might be expected, some abnormal examples are to be found, 
and there would doubtless be more but for the fact that in most of the unweathered specimens 
found in the colony near Decaturville, Tennessee, the sutures are difficult to see. In one the 
radianal has almost disappeared, only the smallest triangular vestige of it remaining (PI. I, 
fig. 27) ; and two others (figs. 28, 29) have no radianal ; these are of especial interest in con- 
nection with the literary history of the species. 

L. pisiformis has been buffeted about considerably in the books. Meek and Worthen 
very properly demurred to Roemer’s reference of it to Poteriocrinus, because it has only one 
anal plate, and they suggested that it might belong to their genus Arachnocrinus, then known 
only from Hall’s Cyathocrinus bulbosus. Hall in the 20th Regent’s Report mentioned 
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Poteriocrinus pisiformis for comparison with specimens from the Wisconsin Niagaran re- 
sembling his Cyathocrinus pusillus, and afterward made a similar comparison in the 28th 
Report ; he was much struck by the apparent structural resemblance, which was afterward 
confirmed notwithstanding the errors of Roemer’s description. Wachsmuth and Springer 
followed Meek and Worthen in 18709, but called attention to the fact that the arms were 
unknown in the species. It was not until several years later when Wachsmuth, collecting in 
Roemer’s old territory in western Tennessee, found a number of specimens of this species 
- (among them one with perfect arms, Pl. I, figs. 14a, D), that we saw that it does not belong 
to the Inadunata at all, but falls readily under the genus Lecanocrinus, to which we referred 
it in 1885. 

In 1891 however, S. A. Miller, having a desire to make a new species out of a specimen 
from Tennessee placed in his hands, which he thought might conflict with the one already 
well-known from that region, proceeded to get rid of Roemer’s species by casting it out of 
the genus, criticising Hall’s allusion to it, and incidently taking a shot at his especial béte noir, 
Wachsmuth, whose “late reference of it to Lecanocrinus,’ he declared, “ seems to have been 
without any consideration.” His objection was that P. pisiformis was described with “ only 
a single azygous interradial.” If we were to stand upon a pure technicality and lay aside 
common sense, we might admit that Miller’s contention was tenable, but this is not necessary. 
In the condition of preservation in which this small species is usually found the sutures are 
often difficult to see, especially those toward the base, and it so happened that Roemer, out of 
the four specimens which he had, either failed to observe the radianal for this reason, or had 
a specimen for his description and figures which was in the precise condition of two of the 
abnormal specimens that I have above mentioned, viz., without any radianal. And to make 
the confusion worse, he mistook cracks in the base for sutures where none existed, and evolved 
a base with five plates instead of three. Nevertheless if any one will take Roemer’s figures 
(of which I reproduce the two important ones, Pl. I, figs. 30a, b) and compare them with 
a set of the specimens as commonly found in the type locality (such as I have illustrated under 
this species) he will see that beyond the least question the fossil which Roemer was attempt- 
ing to describe was the same as this. 

It may be added for the completion of this history that Miller in this case was hitting at 
the wrong head. He was dealing with a specimen from the Waldron shales at Newsom, and 
the species he should have been afraid of was L. pusillus, with which his specimen is clearly 
identical (Pl. I, figs. 12, 13), although L. pisiformis is also found occasionally in the shales 
at that locality. 

L. pisiformuis, like many small and simple forms, had a long life, ranging sparsely from 
the Laurel limestone through the Waldron shales into the Louisville limestone ; but it seems 
to have culminated in the lower part of the Brownsport limestone of western Tennessee, where 
it occurs abundantly at one locality near Decaturville. It also has a wide geographical range, 
following the species of Pisocrinus with which it is associated through Tennessee, Kentucky, 
Indiana, and New York. There is a small species of about the same size and general form 
found among the casts in the Racine dolomite of the Chicago area which is probably the 
same, but specimens of it are too imperfect to figure. 

Types. Roemer’s original specimens are in the Mineralogical Museum at Breslau, Ger- 
many. These figured now for the correct definition of the species are in my collection. 

Horizon and locality. Silurian, Niagaran Group, Laurel to Louisville, but chiefly in the 
Brownsport limestone; Decatur County, Tennessee; near Louisville, Kentucky; Waldron 
and St. Paul, Indiana; Lockport, New York; Chicago, Illinois; Racine, Wisconsin; and 
St. Mary’s, Missouri. 
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Lecanocrinus bacchus (Salter) 
Plate II, figs. 25-28 


Ichthyocrinus Bacchus Salter, Cat. Cambrian and Silurian Fossils, 1873, p. 126. 

A small species. Crown ovoid, widest at [Ax, where height to width is 
I to 1.2;at RR, 1 to 1.6; base rounded; rays uniformly increasing in width from 
RR to IAx. Surface smooth. Maximum crown, 12 mm. high by 11 mm. wide 
at IBr2; at top of RR, 4.7 by 8 mm.; column facet, 2mm. 

IBB small and slightly protuberant. BB small. Anal «and RA both small, 
the former acuminate above and projecting to nearly half its height above the 
radials. RR small, barely twice the length of succeeding IBr, and widest at 
upper margin. Height of B to R to IBr, 2.5:2.5:1.7. [Br 2, large, increasing 
in width upward continuous with the widening of the radials. IIBr 4 or 5. 
Arms flat or gently rounded, not tapering rapidly between the bifurcations, and 
disappearing by infolding at about the fifth tertibrach. Column composed of 
nearly uniform columnals without visible alternation; a few at the proximal end 
thinner than those below. 


The description of this species is based upon two nearly perfect specimens from the 
Wenlock limestone at Dudley, one in my own collection (PI. II, figs. 28a, b), and the other 
in the British Museum (fig. 27). The first of these has some peculiar surface markings in 
the nature of depressed areas in the middle portion of the plates. Upon the basals the depres- 
sion conforms to the outline of the plates, but on the radials and brachials it is crescent 
shaped, curving down from the upper margin. Although very distinct in all the exposed 
parts, I cannot consider this sculpturing as anything of specific importance; the other speci- 
men figured, in which the surface is in perfect condition, shows no trace of it, and it is also 
wanting on another less perfect specimen not figured. I am confirmed in this view by the 
fact that something of the same kind is found occasionally in other species, e. g. in L. macro- 
petalus (Pl. III, fig. 8a). It is also faintly indicated in the basals of L. lindstromi (PI. II, 
fig. 22b), and must have been seen on some specimen of L. facietatus to suggest the appear- 
ance shown in Angelin’s figures on plate 21 of the Iconographica. 

The proportions of the plates in the brachial series are such that there is a gradual widen- 
ing of the rays from the radial to the upper primibrach, producing that lack of differentiation 
between calyx and succeeding parts characteristic of [chthyocrinus. This aspect is accentu- 
ated by the relatively increased length of the primibrachs. In these particulars this species 
is similar to L. meniscus from Tennessee, but differs from that species as well as from 
L. lindstromi in the form of the anal plate. 

In J. W. Salter’s Catalogue of Fossils in the Geological Museum of Cambridge Uni- 
versity, 1873, p. 120, he gives Ichthyocrinus bacchus as a manuscript name for a form num- 
bered @.528 in the collection, and comments upon it as follows: “ The depressed short form 
and very short plates so much resemble those of Taxocrinus nanus, that some close observa- 
tion is needful to distinguish this, which has no interradial plates, from the former which 
possesses very narrow ones.” The reference to Tavocrinus nanus, another unpublished 
species, does not help much, although I am now aware that it is the form first described by me 
as Homalocrinus dudleyensis, but herein referred to H. parabasalis. But I have been favored 
by Dr. Woods, of the Sedgwick Museum, with photographs of the two specimens bearing 
Salter’s label as the types of his species, one considerably larger than ours (PI. II, figs. 25, 26). 
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These show conclusively that it is a Lecanocrinus of similar general form to the other speci- 
mens I have figured. Being also from the same horizon and locality, I have no doubt of the 
specific identity of all these specimens, and I prefer to recognize Salter’s name rather than to 
propose a new one of my own. 

Types. Salter’s originals are in the Sedgwick Museum, Cambridge, England. Of the 
types used herein that of figure 28 is in the author’s collection; of figure 27 in the British 
Museum of Natural History, London. 

Horizon and locality. Silurian, Wenlock Group; Dudley, England. 


Lecanocrinus angulatus n. sp. 
Plate Il, figs. 24a-c 


A large species. Crown obconic, spreading gradually from base to IIBrz, 
where height to width is 1 to 1.3; base truncate, large, not protuberant. Surface 
smooth. Crown too much distorted for general measurements; 19 mm. high by 
24 mm. wide at I1Brs; 9 by 18 mm. at top of radials; column facet, 7 mm. 

IBB large, visible in side view. BB large. RA small. Anal 4 extremely 
large, fully half of it being above the line of the radials; and eight- or ten-sided 
because abutting upon two and perhaps three pairs of plates beyond the radials. 
RR small; height of B to R to IBr, 5:5:2.5. IBr 2, large, half as high as RR, 
and increasing in width; they have an angular median ridge obscure on RR 
and becoming sharper upward. Column facet as wide as base; not indented. 


I have proposed this species for the reception of a very singular form found by 
Mr. Liljevall among some specimens in the Riks Museum labeled [chthyocrinus, which 
after cleaning was seen to possess a combination of characters somewhat puzzling as to its 
generic position. The specimen is abnormal, having only four basals, but the species is not 
based upon the abnormal features. It belongs to the class of species with small radials and 
large and widening primibrachs, which produce rays characteristic of Ichthyocrinus; and in 
the angularity of the rays it differs from other species. 

The remarkable thing about this crinoid, and that which causes me to direct especial 
attention to it, is the presence of a well-defined row of interbrachial plates between the rays 
from the IJBr upward. This is distinctly shown in position in figure 24a of Plate II, but the 
same kind of plates may be seen in figure 24b lying scattered between the left posterior and 
left anterior rays. It is therefore evidently a definite structure in the specimen, which thus 
exhibits a tendency to take on interbrachial structures inconsistent with the definition of this 
genus. I have not made this a specific character, because I am disposed to regard it rather 
as a sporadic development, analogous to the single intercalated plate we sometimes see in 
Ichthyocrinus; it occurs only between the higher brachials, the primary plates not being 
separated as in genera having regular interbrachials. Therefore even if this should be a con- 
stant character the species might still be retained in the genus, where it would represent, as 
this individual undoubtedly does, a transition form. 

Type. Inthe Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock Group, horizon d; Dalhem, Gotland. 
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Lecanocrinus meniscus n. sp. 
Plate I, figs. 37a-c 

A small species. Crown subovoid, widest at [Ax; broadly truncate below, 
and obscurely pentagonal at level of IBr; base broad; height to width at [Ax, 
I to 1.6;at RR, 1 to2.5. Calyx plates thick; surface apparently smooth. Incom- 
plete crown, 11 mm. high at I] Brs by 11 mm. wide at [Ax; width of base at trun- 
cation, 6.5 mm.; width of column facet, 3 mm. 

IBB very small, entirely concealed by the column. BB large, but only seen 
as pentagons in a side view, the lower part being abruptly bent inward by the 
truncation of the base almost at a right angle toward the column. Anal x very 
large, obtusely angular, and rising with a 10-sided figure more than half its 
height above radials to the level of the first primibrachs. RR small, only once 
and a half the height of IBr, upper margin widest; height of B to R to IBr, 
3.5:4.5:3. IBr 2, large, more than half as high as the radials and increasing in 
width upward; somewhat gibbous, depressed at the sutures and rounded longi- 
tudinally, making the cross-section at their level quinquelobate. Arms un- 
known beyond I]Brs. Column much smaller than the truncate base, unknown 
beyond proximal columnals which are short. 


This species is described from a single specimen which is remarkably distinct from all 
other known species. The character of the base alone distinguishes it; the concealed infra- 
basals and truncate basals constitute a departure from the prevailing habitus of the genus. 
The brachial series is of an intermediate character in that the radials and primibrachs are less 
differentiated, and increase more uniformly in width upward than in the typical Lecanocrinus. 
In this character it falls into a group with L. bacchus and L. angulatus; and with the latter 
alone it agrees in the great height to which the anal + rises. It is a very robust form with 
thick and heavy plates, in the convexity of which it also differs from other species. 

The unique type specimen was found in debris of the Astraeospongia bed of the Meniscus 
_ limestone, according to Safford’s section of the rocks of western Tennessee, now known in 
part as the Brownsport beds. 

Type. Author’s collection. 

Horizon and locality. Silurian, Brownsport limestone (part of the Meniscus beds) ; 
Decatur County, Tennessee. 


Lecanocrinus waukoma (Hall) 
Plate III, figs. 20-25 


Cyathocrinus waukoma Hall, Adv. Pub. 18th Rep. N. Y. St. Cab. Nat. Hist. 1865, p. 20, pl. (2), figs. 11, 
12; reprinted in 20th Rep. N. Y. St. Cab. Nat. Hist., Doc. Ed., 1868, p. 324, pl. 11(2), figs. 11, 12 
(Revised Ed., 1870, p. 367, pl. 11, figs. 11-12)——Wachsmuth and Springer, Revision Palaeocri- 
noidea, pt. 1, 1879, p. 87—Chamberlin, Geol. Wisconsin, I, 1883, p. 191, fig. 50f—Bather, Ann. and 
Mag. Nat. Hist. (6)1X, Mar. 1892, p. 213; Crin. Gotland, Sv. Vet. Akad. Handl., XXV, 1893, 
p. 127. 

Lecanocrinus waukoma, Weller, Bull. [V, Chicago Acad. Sci., pt. 1, 1900, p. 148, pl. 15, figs. 6-10; not 
fig. IT. 

Lecanocrinus pusillus, Winchell and Marcy (not Hall, 1863), Mem. Boston Soc. Nat. Hist., 1865, p. 90. 


A large species. Calyx low, subhemispheric, rotund below, with nearly 
vertical sides and flat or concave base; widest about middle of radials, average 
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height to width at top of RR, about 1 to 1.7; crown probably constricted above 
radials, and short. Base broadly rounded, and usually shallowly concave. Sur- 
face unknown, but plates marked by strong ridges radiating from a central node 
and passing from plate to plate. Complete crown unknown. Maximum speci- 
men, 17 mm. high by 25 mm. wide at top of RR; average specimen about 10 by 
17 mm.; width of base at lowest curve of basals in large specimen 10 mm. 

IBB large, restricted to the basal concavity, and not visible in side view. 
BB very large, curving upward and occupying two-thirds the height of the 
calyx. RA small. Anal x low, as wide as high, not rising above level of radials. 
RR small, not over two-thirds as high as the basals; height of B to R to IBr, 
8:5:2. IBr 2; these and succeeding brachials short and wide, unknown above 
lower I1Br. Column unknown. 


This species is only known from internal casts found in the Magnesian limestone at 
Chicago. The form of the calyx is wholly different from that of the typical Lecanocrinus, 
its broad concave base and extremely large basals having no parallel except in part as to the 
base in L. roemeri. Hall’s type specimen figured in the 20th Regent’s Report, plate 11, 
figures It and 12, shows a rather protuberant base, but this is not the usual habitus of the 
fossil; the base seems to be more often concave than flat. It is curious that the casts of this 
species, occurring in the same matrix as Ichthyocrinus corbis, sometimes also show a distor- 
tion of the lower part of the calyx, one side hanging lower than the other (PI. III, fig. 23) ; 
but this is by no means frequent. 

The strong radiating ridges mentioned by Hall are not confined to the “ subradials ” 
(basals), but extend across the margins of those plates and concentrate again at the middle 
of the radials, marking the course of the dorsal nerve cords. It is probable that these repre- 
sent similar and perhaps stronger ridges on the outer surface of the plates, which is also a 
feature not found in any other species. 

The small specimen figured by Weller under this species (op. cit., pl. 15, fig. 11) is a 
different thing, and I have referred it to Pycnosaccus. 

Type. The original of Hall’s figure in 20th Report, plate 11, figures 11 and 12, is not 
claimed by either the American Museum or New York State Museum and its fate is unknown. 
The specimens figured herein are in the author’s collection, except figure 25 which is in the 
Walker Museum, University of Chicago. 

Horizon and locality. Silurian, Racine dolomite formation of the Niagaran limestone 
in the Chicago area ; Chicago, Romeo, Lemont and Joliet, Illinois. 


Lecanocrinus roemeri Schultze 


Plate III, figs. 30-32 


Lecanocrinus Roemeri Schultze, Mon. Echinodermen Eifler Kalkes, 1867, p. 41, pl. 3, figs. 8a-g.— 
Beyrich, Monatsber. Akad. Wiss. Berlin, Feb., 1871, p. 46 (Transl. in Ann. and Mag. Nat. Hist., 
(4) VII, p. 404—Quenstedt, Petref. Deutschlands, IV, 1876, p. 516, pl. 108, fig. 27—Wachsmuth 
and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40——Springer, Jour. Geology, XIV, 1906, 
p. 491. 


A large species. Crown subconical, truncate below, broadly expanding 
from base, widest about IBr:; average height to width at RR, 1 to 2.5, spread of 
calyx to same height from 7 mm. at base to 22 mm. Side outline straight or 
slightly convex; cross-section at [Br pentagonal; base small, sharply excavate. 
Surface marked by small raised granules and wrinkles; calyx walls moderately 
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thick. Maximum crown, 20 mm. high by 23 mm. wide at [Br;9 mm. by 22 mm. 
at top of RR; width of basal cavity, 7 mm. 

IBB small, confined to the basal cavity, or visible only as points at the edge. 
BB relatively large, partly entering the cavity. Anal x» obtuse above, not rising 
beyond level of radials; RA small and variable. RR large, greatly increasing in 
width to the upper face, and flattened, giving a distinct pentagonal perimeter. 
Height of B to Rto IBr, 6:7:2. IBr varying from I to 2; very short, but little 
over a fourth as high as the radials, not increasing in width upward. IIBr 
usually 4; one more bifurcation visible. Arms flat; brachials short and wide, 
closing in a low pyramid about the third or fourth IIIBr. Column facet deeply 
indented, with sharp projecting rim outside the column. Column large, but not 
filling basal cavity; proximal columnals short, tapering in width downward, 
without alternation so far as preserved. 

The Eifel limestone is considered to be Middle Devonian, and the horizon of this species 
is therefore above that of L. soyei, thus making it the last known survivor of the genus. It 
is distinguished from that and all other species by the extreme spread of the calyx, as evi- 
denced by the ratio figures of I to 2.5 height to width in an average of three specimens. The 
pentangular calyx caused by the flattening of the radials at the upper part is also peculiar to 
this form; while in the very small infrabasals and sharply excavated basal cavity it departs 
from the typical form of the genus. The brachials are the shortest and widest of any species, 
and the irregularity in number of primibrachs is quite remarkable; in the two specimens 
having the arms preserved they are as follows, 2-1-I-1-1, 2-1-2-2-1; so that one primibrach 
is the most frequent number. The column is also very distinct, and shows the thin, tapering 
proximal columnals so common to the group in general, but lacking elsewhere in this genus. 
The radianal is almost wanting in the largest specimen, but normal in the other two. The 
species is extremely rare. I was told by the old Lehrer Kroffges in Priim, who was one of 


Schultze’s principal collectors, that no specimens except those figured by Schultze were ever 
found in his time. 

Types. The originals of Schultze’s figures 8a, 8b, 8f, 8g, are in the Museum of Com- 
parative Zoology at Harvard College. That of his 8c is in the author’s collection. 

Horizon and locality. Middle. Devonian, Stringocephalen-kalk ; Kerpen, Eifel Moun- 
tains, Germany. 


Lecanocrinus soyei Oehlert 


Plate IIT, figs. 27-29 


Lecanocrinus soyei Oehlert, Bull. Soc. Geol. France (3) X, 1882, p. 354, pl. 8, figs. 2-2f—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 143—Barrois, Mem. Soc. Geol. Nord., III, 
1880, p. 327. 


A small species; complete crown unknown. Calyx conical, broadly trun- 
cate below; side outline straight or slightly convex; average height to width at 
top of RR, 1 to 1.4; cross-section circular ; base truncate and excavate. Surface 
ornamented with coarse tubercles visible to the naked eye, coalescing in places 
into short wrinkles. Maximum specimen,-8.5 mm. high by 11.5 mm. wide at top 
of RR; base at column facet, 5 mm. 
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IBB short, visible in side view. BB and RR of about equal height, and RA 
of ordinary proportionate size. Anal x elongate, obtusely angular above, and 
rising but little above the radials. Superior parts and column unknown. 


M. Oehlert states the diameter at top of radials as ranging from 12 to 16 mm. The 
specimen which he figures as natural size is about 6 by 9 mm., and the enlargement of the 
others is not stated. None of his figures show the correct form of the anal plate. I have 
therefore made the description from three specimens in my own collection, in connection with 
his figure 2. The surface ornament, which is coarser than on any other species, is well 
shown in one of them (PI. III, fig. 29), and the anal plate in another (fig. 28a). Oehlert’s 
figure 2f is incorrect in representing a brachial directly over the anal plate. According to his 
figure the primibrach is very short, which would indicate a rapidly tapering crown. 

The species is well distinguished from all others by its coarse ornament, and from the 
only other known Devonian species by its more elongate form and greater size of the 
infrabasals. 

Types. In the Musée d’Histoire Naturelle, Laval, Mayenne, France. The other speci- 
mens figured herein, Plate III, figures 28, 29, are in the author’s collection. 

Horizon and locality. Lower Devonian; Sablé, France. 


Lecanocrinus magnaradialis (Weller) 


Plate III, figs. 26a-c 


Ichthyocrinus magnaradialis Weller, Geol. Surv. New Jersey, Pal., IIT, 1903, p. 299, pl. 33, fig. 5. 

A small species. Calyx obconical, with large truncate base; sides some- 
what curving; height to width at top of RR, 1 to 1.8. Surface destroyed by 
erosion. Height and width at RR, 6mm. by 11 mm. 

IBB small. BBand RR large. B to RtoIBr, 3:5:4.2. RA large, obliquely 
under right posterior radial, but almost touching right anterior radial. IBr 1 
and 2, giving rise to broad, flat rays, of which only two IIBr are in one place 
preserved. Other parts unknown. 


Dr. Weller described this species from a single badly weathered and rusty specimen. 
The surface is so much eroded that it is difficult to trace all suture lines with certainty, but 
the structure shown by the figures is substantially correct. The fact that it is from an Amer- 
ican Devonian horizon gives to this species especial interest, and it is to be regretted that our 
knowledge of it is limited to what we can gain from a single imperfect specimen. The shape 
and size of the radianal suggests a possible affinity with Clidochirus, but its position is that of 
Lecanocrinus to which the specimen otherwise conforms. It is of the general type of 
L. soyei from the Lower Devonian of France. 

Weller in describing the species noted its resemblance to Lecanocrinus, but was deterred 
from so referring it because he could not detect the anal and radianal plates ; but after con- 
siderable experience in deciphering obscure fossils of this group I have been able to identify 
them satisfactorily. 

Type. University of Chicago. 

Horizon and locality. Lower Devonian, from cherty layers equivalent to the New Scot- 
land beds of New York; near Pass Ridge, New Jersey. 


T44 SMITHSONIAN INSTITUTION 


HOMALOCRINUS Angelin 
Plate VI 


Heomalocrinus Angelin, Icon. Crin. Sueciae, 1878, p. 11—Von Zittel, Handbuch Palaeontology, I, 1879, 
Pp. 3555 Grundztige Palaeontologie, 1895, p. 138—Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. 1, 1879, p. 35; ibid., pt. 3, 1886, p. 143.—Zittel-Eastman, Textbook Palaeontology, 
1896, p. 164 (2d Ed., 1913, p. 203).—Jaekel, Zeitschr. deutsch. geol. Ges., XLIX, 1897, p. 46 
(separate).—Bather, Rep. British Assoc. for 1898 [1809], p. 923; Treatise on Zoology (Lankes- 
ter), pt. 3, 1900, p. 189.—Springer, Jour. Geology, XIV, 1906, p. 482. 

Leiocrinus Springer, Amer. Geologist, XXX, 1902, p. 95. 


Fic. 13. Homalocrinus 


Lecanocrinidae with rays partly separated by solid plates arched over by 
brachials, and with highly specialized base. Crown ovoid. Infrabasals very 
large, enveloping basals to a variable extent. Radianal under right posterior. 
ray within ring of basals, but may be concealed by the infrabasals. Anal + 
followed by others. Interbrachials usually one large plate followed by others 
smaller. Primibrachs two. Arms heterotomous; rays divided into ten main 
rami abutting above interbrachials, with ramules inside of dichotom. Column 
short, tapering gradually toward the distal end. 

Genotype. Homalocrinus parabasalis Angelin. 

Distribution. Silurian, Wenlock beds; Gotland and England. 

The history and relations of this genus will be discussed under Calpiocrinus. 
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CALPIOCRINUS Angelin 
INOS VIN, IV TEL 


Calpiocrinus Angelin, Icon. Crin. Sueciae, 1878, p. 12—-Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. I, 1879, p. 38; ibid., pt. 3, 1886, p. 143; Proc. Acad. Nat. Sci. Phil., Nov., 1888, p. 357; 
ibid., 1890, p. 388— Von Zittel, Handbuch Palaeontologie, I, 1879, p. 356; Grundziige Palaeontology, 
1895, p. 138—Zittel-Eastman, Textbook Palaeontology, 1896, p. 164 (2d kd., 1913, p. 203).— 
Jaekel, Zeitschr. deutsch. geol. Ges., XLIX, 1897, p. 46 (separate) —Waagen and Jahn in Bar- 
rande, Silur. Syst. centre Boheme, VII, 1899, p. 20.—Bather, Rep. British Assoc. for 1898 [1899], 
Pp. 923; Geol. Mag., (4) VIII, Aug., 1901, p. 378; Treatise on Zoology (Lankester), pt. 3, 1900, 
p. 189.—Springer, Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1906, p. 48o. 


Fic. 14. Calpiocrinus 


Lecanocrinidae with rays above radials partly separated by solid plates 
arched over by brachials, and with highly specialized base. Crown ovoid. 
Infrabasals very large, enveloping basals, and to a variable extent radials and 
part of primibrachs. No radianal. Anal x followed by others. Interbrachials 
one large single plate, or several smaller ones in succession. Arms heteroto- 
mous; rays divided into twenty main rami abutting above interbrachials, bear- 
ing ramules inside of dichotom. Column large, short, tapering gradually to an 
encrusting root. 

Genotype. Calpiocrinus fimbriatus Angelin. 

Distribution. Silurian, Wenlock beds; Gotland, Sweden. 

The two foregoing genera represent a specialization distinct from anything observed 
elsewhere among the crinoids, under the influence of which they shade into one another to 
some extent ; therefore they may be discussed together. Considering that they have a definite 
and highly differentiated structure, no type of crinoids has been more misunderstood than 
that represented by Homalocrinus and Calpiocrinus. That it can be better understood now is 
due largely to the careful working up of the material for structural details, and their in- 
structive illustration, by Mr. Liljevall. 

The dominant developmental feature in these two forms is the extraordinary enlarge- 


ment of the usually inconspicuous and sometimes transitory element, the infrabasals, which is 
carried to an extreme in both genera. Angelin gave an unusually long diagnosis of Calpio- 
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crinus, from which little important information can be extracted beyond one fact on which he 
laid principal stress, and by which he said the genus was to be distinguished from Anisocrinus 
which it approached in habitus ; this is that it had “ basalia tria, parabasalia nulla,”—which ir 
current terminology means three infrabasals and no basals. He also noted that the rays and 
arms were unequal. Wachsmuth and Springer, when redescribing the genus the following 
year (Revision of the Palaeocrinoidea, pt. 1, p. 38), were much puzzled by the supposed fact 
indicated by Angelin’s description and figures, that this genus differed from all others of the 
family in having but one ring of plates below the radials. We did not consider that suffi- 
cient ground for excluding it, but expressed the opinion that the “lower ring of plates is 
the analogue of the underbasals, and that the true basals, if not absent, are exceedingly rudi- 
mentary ”; and added, “‘ we take the small triangular plate which has been called the first 
anal plate, to be the basal (subradial) on the posterior side, which is larger in the whole 
family, and that the plates on the four other sides are very minute or only visible on the 
inside.” Considering that neither of us at that time had ever seen a specimen of Calpiocrinus, 
this was not such a bad piece of hypothetical interpretation, as the sequel shows. 

Nine years afterward we stated that Calpiocrinus was not the aberrant genus which we 
had supposed from Angelin’s figures, but that it had the usual calyx plates of the family— 
three underbasals and five basals.t. This remark was based upon specimens obtained by me 
at Dudley, England, supposed to be Calpiocrinus, but afterward described as Homalocrinus 
dudleyensis, and now referred to the type species, H. parabasalis. Bather* in 1900 stated 
that Calpiocrinus “ has minute, often obsolete, IBB, but fairly large BB”; and he separated 
it from its former associates, Homalocrinus, Anisocrinus, etc., placing it in a family Dactyloc- 
rinidae along with Dactylocrinus, Synerocrinus and Onychocrinus, on account of the 
heterotomous arm structure. He placed Homalocrinus with Anisocrinus in the family 
Taxocrinidae. 

Since taking up the study of the Crinoidea Flexibilia I have obtained some additional 
good specimens of this type from Dudley, as well as from Gotland, and have examined a 
fine series of Dudley specimens in the British Museum. In addition to this, Mr. Liljevall has 
made for me careful drawings of every specimen of the two genera in the Riks Museum at 
Stockholm, including new figures of all of Angelin’s types. From all these sources of infor- 
mation, it is possible to arrive at a satisfactory understanding of the peculiar structure of 
these highly specialized crinoids, and it is easy now to see what has been the cause of the 
former confusion in regard to them. 

The facts now disclosed show that Angelin’s description was wrong, and that Wachsmuth 
and Springer’s interpretation of the conspicuous ring of plates was substantially correct. 
As a matter of fact there are two rings of plates below the radials, 7. e., both infrabasals and 
basals; but the remarkable thing about it is that the infrabasals are developed to an extent 
and in a manner unknown in.any other crinoid. The reason why the basals were not seen 
in the specimens figured by Angelin was not so much their minuteness, or absence on the 
exterior, as the extraordinary size of the infrabasals which concealed them from view. In 
many dicyclic crinoids the infrabasals lie wholly within the ring of basals, abutting against 
them only by their lateral faces; and they are in such cases subordinate in size and position. 
In some species they are resorbed, and entirely disappear during life. But here they overlap 
the basals to such an extent as sometimes wholly to conceal them, and not only them, but also 
the radials and even part of the first primibrachs. The three unequal infrabasals form a 
relatively enormous growth, far exceeding in size the basals, and enveloping them somewhat 
after the manner of the centrodorsal in Thiolliericrinus and in many other comatulids. The 


1Proc. Acad. Nat. Sci. Philadelphia, Nov., 1888, p. 357. 
*Lankester’s Treatise on Zoology, pt. 3, p. 189. 
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actual relation of the two sets of plates is shown in specimens like Plate VIII, figure 7c, 
where the infrabasals have been partly removed, and the basals, three out of the five, are 
plainly visible beneath them. In this specimen the infrabasal development went to the ex- 
treme, covering the radials, the larger part of the first primibrachs, and part of the first inter- 
brachials. The structure is also well shown in figure 1b, on the same plate, where the 
overgrowth is less extensive; here the radials are not covered, and the posterior basal is 
slightly visible, while the other basals are concealed except at two places where the edge of 
the infrabasals has been broken away leaving the points of two basals just peeping out. 
Another very instructive specimen is that figured on Plate VII, figures 3a, b, which are ex- 
terior and interior views of the base; it shows that the infrabasals, while developed in this 
extraordinary way on the exterior, retain internally their relative position in the calyx wall, 
and still lodge the axial canal. It is possible that the relative size of the plates is not quite 
correctly shown by this specimen, and that the thin edges of the basals, meeting one another 
laterally, have been somewhat cut away in cleaning the internal surface; the chief surface of 
apposition of these plates is the outer, or dorsal, surface of the basals, and not their inner 
face which became quite thin. A vertical section corresponding to figure 3b shows how this 
is; Plate VIII, figure 8. The same structure is further shown by figure 4b on Plate VIII, 
where the infrabasals are gone, leaving the large pentagonal open space within the ring of 
basals which they filled, and also the imprint of their outward extension which covered the 
basals except at small points ; this must be considered in connection with figure 4a, a lateral 
view of the same specimen, which shows how the basal plates slope inward toward a rather 
thin edge. These three specimens are also valuable because they show positively the absence 
of any radianal, the importance of which will be seen when we come to the case of 
Homalocrinus. 

Now this peculiar basal structure is exhibited in various degrees of development in the 
excellent material at our command. In some cases two or more of the basals are visible as 
mere points (Pls. VII, fig. 3a; VIII, figs. 2c, 3). In others, and more frequently, the posterior 
basal which is higher than the others, rising almost to the level of the radials, is alone visible 
beyond the infrabasals (Pl. VII, figs. 4c, 5d). In still others no basal at all is to be seen, and 
the large infrabasals appear to be directly surmounted by the radials (Pl. VIII, fig- 5a) ; 
then the radials almost disappear, and the interbrachials touch the infrabasals by their points 
(fig. 6a) ; and finally the entire radial, with part of the next plate and the lower angle of the 
interbrachial, are covered over by the upward growth of the infrabasals which forma convex 
ring like a high, rounded columnal (Pl. VIII, figs. 76, c). Nevertheless, the basal elements 
of the calyx are seen to be the same as those of the group generally. There thus remains no 
longer any doubt of the real structure of the genus, and it must be considered as representing 
a definite, though extravagant and therefore short-lived, modification of the crinoid plan in a 
direction not heretofore observed. 

This specialization is shared, however, by the allied genus Homalocrinus, in which are 
exhibited certain transitional features leading up to the fully developed Calpiocrinus which 
are of considerable interest. Angelin’s diagnosis of Homalocrinus represented a dicyclic 
crinoid with ovoid body, abutting arms, and “interradial ” plates, which was not enough to 
establish a genus when compared with Ichthyocrinus as at that time understood. He did not 
mention any odd plate such as might constitute a radianal, as he did in his diagnosis of 
Lecanocrinus immediately following, where he said “ parabasalia sex’”’; but he put the two 
genera into one family called the Homalocrinidae, including also Clidochirus, Calpiocrinus 
and Anisocrinus. He also mentioned under Homalocrinus that the arms were “ dichoto- 
mous,” being thus different from those of Calpiocrinus which he described as being “ un- 
equally dichotomous.” His description of the only species added nothing to the generic 
definition. His figure of H. parabasalis (Icon. Crin. Suec., p. 11, pl. 16, fig. 29) showed the 
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arms both equally and unequally dichotomizing ; and as there was nothing decisive in either 
generic or specific diagnosis or figures to distinguish it, Wachsmuth and Springer placed it as 
a subgenus under Jchthyocrinus (Rev. Pal., pt. 1, p. 35). Bather in 1900 (Lankester’s 
Treatise on Zoology, pt. 3, p. 189) separated Homalocrinus from the Ichthyocrinidae because 
of its infrabasals, and placed it in his family Taxocrinidae on account of what he supposed 
from Angelin’s figure to be isotomous arms.. A correct figure of the type specimen of 
H. parabasalis (Pi. V1, figs. 1a, b) shows that it has heterotomous arms, with ramules borne 
on ten main ray divisions, or rami, and a small radianal lying under the right posterior ray 
between the two basals and meeting the infrabasals. These are the characters which estab- 
lish its position as a valid genus, and by which it must be distinguished from Calpiocrinus, 
with which it is associated in the remarkable specialization of the basal structures. 

When I proposed my brief preliminary analysis of this group in 1902 (American 
Geologist, vol. 30, p. 95), I mentioned certain specimens from Dudley which had been identi- 
fied as Calpiocrinus, but which on account of the presence of a small radianal observed in 
them, and of plainly developed basals, I thought might belong to a new genus for which I 
suggested the name Leiocrinus. Homalocrinus was placed in a group with isotomous arms, 
following Angelin’s figures, near Clidochirus. The first drawing made for me by 
Mr. Liljevall from the type specimen of H. parabasalis (Pl. VI, fig. 1a) disclosed a heter- 
otomy of its arms, which led me then to suppose it must be congeneric with Calpiocrinus. 
A later more detailed study of the base brought out plainly the presence of a small radianal . 
under the right posterior radial (Pl. VI, fig. 1d). In this specimen the basals are plainly 
visible, and it became at once evident that most of my Dudley specimens would fall readily 
under Homalocrinus as characterized by its type specimen and not by former erroneous 
figures or faulty diagnosis. This I pointed out in my “ Further Remarks ” in 1906 (Jour. 
Geology, vol. 14, p. 482), with illustrative figures, and proposed for the Dudley specimens the 
name H. dudleyensis. Since the publication of that paper I have accumulated considerable 
additional information and material relative to this interesting form, including a new species 
from Gotland, and am now enabled to make quite plain the generic position of Homalocrinus, 
which was still not entirely clear when I prepared the above-mentioned account of it. It is 
from the study of a good series of specimens of the Dudley form that the most important 
light has been obtained. Of these there are nine in the British Museum—where they are 
known as Calpiocrinus—which I personally examined; two in the Sedgwick Museum at 
Cambridge, England, of which I have photographs and sketches of the essential details; and 
six of my own;—making seventeen in all from the rocks of the Wenlock age at Dudley. Of 
these I have figured on Plate VI four from the British Museum and four from my own col- 
lection, which thoroughly illustrate the puzzling variations of the species; and there are also 
shown two other interesting allied Dudley specimens on Plate VII which fall under another 
species. The study of this series of specimens in connection with the material from Gotland 
has led to the conclusion that most of the Dudley specimens are only variant forms of 
Angelin’s original species, H. parabasalis, and that no reliable diagnostic characters can be 
pointed out to warrant the retention of the specific name which I proposed for them. While 
I regret that this long campaign of education as to this form has encumbered the literature 
with two useless names, the names are gladly abandoned in view of the more important results 
obtained. 

The two decisive generic characters of Homalocrinus, as already stated, are the heter- 
otomy of the rays by subordinate branching from the first main division, and the presence of 
a radianal within the ring of basals. Looking at the figure of Calpiocrinus fimbriatus 
(Pl. VII, fig. 1a), it will be seen that the ray bifurcates into two equal divisions, and each 
of these divides again into two main branches, or rami, of about equal size, from the inner 
side of each of which are given off three or more lateral ramules. In Homalocrinus para- 
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basalis (Pl. VI, fig. ta) similar ramules are borne directly upon the main branches produced 
by the first bifurcation of the ray. There are thus in the latter ten main rami, giving off 
ramules toward the inside of the dichotom; whereas in Calpiocrinus there is the same kind 
of subordinate branching, but it occurs from the second main division of the ray, so that 
there are twenty such ramule-bearing trunks. In other words the heterotomy in Homalo- 
crinus begins on the axillary secundibrach; while in Calpiocrinus that bifurcation is substan- 
tially equal and the heterotomy begins only on the axillary tertibrach. In each case the out- 
side branch of the respective dichotom remains strong, but diminishes in steps by reason of 
the successive ramule branching until the final division is equal (Pl. VI, fig. 10; VII, fig. 4b) ; 
while the inner branches, or ramules, taper gradually to the distal end and become simple, 
except in some intermediate cases where the lower ramule is enlarged, tending to become an 
arm, with secondary ramules which are relatively inconspicuous and can rarely be seen at all 
from the dorsal side (Pl. VII, figs. 1, 2). In the various figures of H. parabasalis on Plate VI 
it will be seen that the lower ramule is relatively the largest, and the series of specimens shows 
some variation in the size of it. If we had a sufficiently complete series we should doubtless 
find various stages of its growth, from a relatively small side branch (something like a pin- 
nule) to forms like Plate VII, figures 1, 2, where it is a strong arm, rising to the full height 
of the ray, and itself having subordinate ramules. If this lower ramule should increase still 
further until it equaled the size of the outer branch, with its ramules proportionally large, 
then we should have the perfect arm condition of Calpiocrinus (Pl. VIII, figs. 5a, 6a). Or, 
conversely, the twenty main rami of Calpiocrinus may gradually take on the condition of 
Homalocrinus through a tendency of the inner ramus to abort, thereby losing its own branches 
and diminishing to the size of a mere ramule. The evolution might go either way, according 
as it represented progression or retrogression, and in a type otherwise strongly specialized as 
this is such modifications are to be expected. 

In my paper of 1906 I noted a further complication in the definition of the two genera 
arising out of the apparent inconstant occurrence of the radianal in Homalocrinus, which 
I found to be quite unequally developed in the English specimens, being plainly seen and of 
good size in some and not visible at all in others. I said, however, that “the difference in 
this respect may be partly due to the unequal development of the infrabasals, which may 
sometimes conceal the radianal.’”’ This proves to be the correct solution of the difficulty. The 
radianal in this form is differently located from that in any of the preceding genera, being 
within the ring of basals and touching the infrabasals, as is the case in Sagenocrinus, and in 
the Inadunate genus Thenarocrinus ; but it is more primitive because directly under the right 
posterior ray. It is thus of small size—a low, transverse plate, lying below the lower margin 
of the radials, much: below the angular points of the basals whose ring it shares, and not 
higher in any event than their lateral margins. 

Homalocrinus, as has been stated, shares with Calpiocrinus the unusual character of the 
base by which the infrabasals overgrow and conceal the basals and other succeeding plates ; 
and we have already seen that the extent to which this goes in Calpiocrinus is variable, some- 
times leaving the points of the basals exposed, and sometimes covering not only basals but 
still higher plates. If there were in Calpiocrinus a small radianal lying between the two 
basals, it is evident that it would be invisible in all cases where the basals themselves were 
hidden by overgrowth of the infrabasal ring. This is precisely what happens in Homalo- 
crinus. Out of the 17 specimens of H. parabasalis used in this investigation, eight have the 
radianal visible, eight fail to show it, and in one the right posterior ray is not exposed. Tak- 
ing figures 3a, b on Plate VI as typical of those in which the radianal is visible, it will be 
observed that the basal plates are well exposed almost to their lateral margins, and the 
angular lower faces.of the radials are in plain view; the radianal, being at the level of the 
lateral margins of the basals, is accordingly exposed, just as the basals are. In the type, 
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figures ta-d, the radianal is just barely visible, and the basals to an equally small extent. A 
step farther in infrabasal growth and both radianal and basals (except the posterior) would 
be shut out (PI. VI, figs. 13a, Db). 

The sketch at figure 12 on the same plate explains how this might happen in all stages of 
growth; the dotted line a .... a represents the line of infrabasal growth in cases where both 
basals and radianal are left exposed to view ; if this line moved upward tob .... b the radianal 
would be entirely covered while the triangular points of the basals remained in sight, as in 
figure 9. And in general it may be stated that where the basals are well exposed nearly or 
quite to their margins, so that the radials are about clear of the encircling infrabasal ring, 
we can usually see the radianal; but where the basals appear separated, and covered with 
the exception of their projecting angles, we cannot. This relation is not absolutely regular, 
but the facts are sufficient to indicate that it is the rule, and that the radianal is therefore 
probably present in all the species. 

This is corroborated by the evidence of the Swedish specimens. A second example of 
H. parabasalis has been found since Angelin’s time and is now in the Riks Museum—a very 
perfect specimen much like the type except that the infrabasals are enlarged far enough to 
overlap half of the radials, so that no part of the basals is visible (Pl. VI, figs. 2a, b). Here, 
of course, the radianal has also disappeared, just as would have happened in the type species 
(fig. 1d) if the infrabasals had grown a little higher up. In still another Gotland species, 
which I have described as H. liljevalli, we have two specimens, in one of which the basals 
and radianal are visible (Pl. VI, figs. 14a, b), and in the other both are completely buried 
(figs. 13a, b). There is an analogous case in Ichthyocrinus gotlandicus, where the radianal 
is sometimes invisible simply because covered by the column. 

This proof seems to be sufficient to establish the radianal as a constant character of 
Homalocrinus ; but the question pertinently follows, why may it not equally exist in Calpio- 
crinus, which would be simply in the condition of those Homalocrini in which the radianal 
cannot be seen? For answer we must recur to the specimens on Plate VIII already men- 
tioned, figures 4a, b, and especially to that of figures 7a-c which we know has the fully de- 
veloped Calpiocrinus arm structure ; these show that in two of the most characteristic species 
there is no radianal. 

This, however, does not end the difficulties we encounter in endeavoring to adjust the 
long confused relations between these two genera. I have, as I think, satisfactorily accounted 
for the old and new species of Homalocrinus; but our troubles begin again when we under- 
take to deal with the described species of Calpiocrinus. Leaving out the incorrect statement 
about the basals, and all characters which are of family rank or are mere individual details, 
the characters assigned by Angelin to the two genera may be stated as follows: 

1. iBr I, large, heptagonal ; 2 smaller, in series. 
Homalacrins:| 2 Anals 3, subequal. 

3. Arms repeatedly dichotomous. 

1. iBr few, unequal. 
Calpiocrinus: p Anals variable, in longitudinal series. 

3. Arms short, wide, unequally dichotomous. 

It is evident that the first two specifications of both are wholly indecisive, as they might 
concur in the same specimen. This leaves only the third to be considered. Supposing this 
specification in Homalocrinus to mean equally dichotomous, we know from the type specimen 
of his only species that this is contrary to the fact, and therefore the third in Calpiocrinus 
would apply to it also. There would thus be nothing in the diagnosis by which to distinguish 
the two genera; and upon these facts alone Homalocrinus, being the first described, would 
stand. We have therefore to look to the specimens themselves, and not to the diagnoses of 
Angelin, for the separation of the two genera. Under Calpiocrinus he described four species. 
One of them, C. humilus, may be left out of consideration as not possibly belonging to either 
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genus. There remain C. heterodactylus, C. ovatus, and C. fimbriatus, which appear in this 
order in the Iconographia. Angelin did not designate any type species, and it seems prob- 
able from the statement of Lindstrom and Lovén in the introduction to that work that the 
order of arrangement of the species was theirs, and not Angelin’s. In these circumstances, if 
a generic definition can be made out for Homalocrinus from the characters disclosed by its 
known species, and if it be further found that the species referred by Angelin to Calpiocrinus 
do not agree with each other as to the corresponding character, but that some of them in this 
respect approach Homalocrinus as now defined,—then it seems to me that any species remain- 
ing which clearly differs from the latter in the character in question will be the true Calpio- 
crinus; otherwise Calpiocrinus, being the second of the genera in order of publication, would 
have to be dropped altogether. 

Now it so happens that one of these species, C. fimbriatus, meets the last condition, and 
also contains within itself the most complete development of the one character mentioned by 
Angelin which is left for the genus, viz., the unequally dichotomous arms. And when in addi- 
tion to this it is remembered that this particular form of heterotomous arm is associated with 
the lack of a radianal, while its presence is correlated with the other form of heterotomy in 
the typical species of Homalocrinus, it would seem that upon these facts the genus may be 
logically maintained, with C. fAmbriatus as its type species. 

The position of C. ovatus and C. heterodactylus remains to be settled. There is but a 
single specimen of each that is certainly known to belong to them, viz., the respective types, 
which [| have carefully refigured on Plate VII giving four principal figures of each besides 
some details. The two specimens are of similar type, except that in general form one is more 
ovoid than the other. In each the basals are completely covered by the infrabasals, except 
the truncate apex of the posterior basal which connects with the anal plate; no radianal is 
visible, but this does not prove that it is wanting, because the development is such as to con- 
ceal it even if present in the same form and size as in Plate VII, figure 3. In both, the rays 
divide a second time on secundibrachs 3 or 4 into two nearly equal divisions, the outer one of 
which bears conspicuous ramules, with bifurcations plainly visible from the dorsal side ; while 
the inner, although large and rising to the full height of the outer one, shows little evidence 
of lateral ramules from the dorsal side. They are present, however, though much smaller, 
and are given off from small shoulders of the axillary tertibrach toward the ventral side. 
This is well explained in C. ovatus by figure 4f, Plate VII, an enlarged side view of the axil 
on the exposed inner arm of figure 4a, and by figures 4d, e showing the axil seen from above 
and from the side at 6 on another inner arm. The same structure for C. heterodactylus is 
shown in figure 5e, where b and ¢ are axils on the inner arm seen partly in a side view, and a 
a much larger ramule on the outer arm on which also the bases of ramules are plain enough 
from the dorsal side. The difference between the inner and outer branches is somewhat less 
in figures 5a, b than in 4 a, b. 

Hence there is in these specimens an arm structure which is of a character similar to that 
of Calpiocrinus as typified by C. fimbriatus, but not quite the same. It is a departure in a 
direction which if continued far enough would result in the disappearance of the inner arm 
by reduction to the grade of a simple, unbranched ramule of size proportionate to the others 
following it. This would leave the ray composed of only two ramuliferous trunks, as in 
Homalocrinus parabasalis. Conversely, as already stated, the change might result from the 
progressive enlargement of the lower ramule of Homalocrinus. These specimens, therefore, 
may represent morphologically degraded Calpiocrinus, or advanced Homalocrinus. If we 
knew positively the fact about the radianal in them the line might be more satisfactorily 
drawn. While we cannot, as already explained, say whether it is or is not present in speci- 
mens like these, we must do the best we can with indirect evidence. 
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We have a fragmentary specimen from Gotland, labeled in the Riks Museum C. 
(heterodactylus ? or ovatus), with only part of the calyx preserved but showing both interior 
and exterior surfaces free from the matrix ; views of both are given, Plate VII, figures 3a, b. 
The exterior view, 3a, shows small points of three basals, the largest presumably the pos- 
terior ; but this presents the very unusual peculiarity of not connecting with the anal x, the 
radials closing in above it instead. The interior view, 3b, confirms this interpretation, all the 
basals being angular above ; and it shows the further important fact that in this form there is 
no radianal. It will also be noted that in this specimen the large first interbrachials are not 
elongate and truncate above, as in many of the others, but are rather broad, and angular 
above, as if followed by two series of plates. Turning now to figures ta-c and 2 on the same 
plate, representing two perfect specimens from Dudley, it will be observed that they both 
have the same peculiar base, viz., the posterior basal angular above and not connecting with 
the anal 1; which is a very unusual thing in this group where generally the posterior basal is 
greatly enlarged and often rises to the full height of the radials. These two specimens have 
also the same broad, angular interbrachial, followed by two plates—differing in this respect 
from the other Calpiocrint. The correlation of these two characters gives reasonable ground 
for assuming the specific identity of the Dudley and Gotland specimens. 

Passing now to the arm structure, we see that the two complete specimens are in about 
the same stage of development as C. ovatus and C. heterodactylus—the inner branches of the 
ray being reduced to the size of a greatly enlarged ramule. Having in these specimens— 
which must necessarily be placed in a distinct species—this condition of arm structure asso- 
ciated with absence of the radianal, it seems reasonable to suppose a like association to exist in 
the case of C. ovatus and C. heterodactylus, and that they may therefore upon fairly tenable 
ground be retained under Calpiocrinus. H. liljevalli, on the other hand, in which the inner 
arm is somewhat less like an arm and more like a ramule, is placed under Homalocrinus be- 
cause we find a radianal in one specimen. It is a close question, and if we had a large number 
of specimens we should probably find a variety of intermediate stages in which these charac- 
ters would be combined in many distracting ways for our perplexity. The same may be said, 
however, of all closely related genera, and it is simply a question of expediency—to be de- 
cided, I think, for each case according to its own circumstances—whether to retain such 
genera upon their typical forms or to throw them together on account of their close transi- 
tions. If anyone has devised any exact rule which will regulate all such cases, I have yet to 
see it. 

As an original proposition, my inclination would be to range all these species under one 
genus in which, under the influence of high specialization, characters elsewhere important have 
lost their value. But as the two genera, long ago proposed by Angelin, have been recognized 
in the literature ever since, it will create less confusion to retain them. 

With this understanding of the real character of the type represented by these two 
genera, there is little need for comparing them with others to which they have been supposed 
by various authors to be related. The interbrachials are not so prominent as in Anisocrinus, 
and there is consequently not that ventricose swelling of the calyx below the arms; they are 
large enough, however, to give a marked ovoid rotundity to the lower part of the crown, and 
the rays therefore do not widen upward from the base as in Ichthyocrinus. There are 
usually two or more plates in vertical series, but sometimes the first interbrachial in Homalo- 
crinus is followed by two small plates, or series of plates, abreast ; either form is quite in con- 
trast to the one huge interbrachial of Anisocrinus. The manner of infolding of the arms also 
differs ; instead of bending squarely to a broad, truncate summit so noticeable in that genus, 
they curve more gradually to a rounded and often narrow apex at a higher point in the arms. 

Homalocrinus is one of two genera of the Lecanocrinidae in which the tegmen has been 
observed. It is very well shown in a specimen of H. liljevalli found by Mr. Liljevall among 
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some fragments in the Riks Museum (PI. VI, fig. 150). The dorsal cup is broken off just 
below the axillary primibrachs, and thus the inner surface of the disk is thoroughly exposed. 
The tegmen is constructed as usual in the Flexibilia, consisting of a plated integument, with 
five orals surrounding an open central space from which the ambulacra pass out between the 
orals to the arms. Two of the ambulacra and all the orals are well preserved, as is also the 
interambulacral integument. This structure is in every substantial particular the same as that 
in Taxocrinus discovered and described by Wachsmuth and Springer nearly 30 years ago. 

The type represented by these two genera was not of long duration, as nothing like it is 
known later than the Silurian in which it appeared. It was evidently also much restricted 
geographically, not having as yet been recognized in America, where so many other of the 
rare and specialized Swedish genera are now known to occur. Eight species have been recog- 
nized, of which three are placed under Hon:alocrinus and five under Calpiocrinus. They 
may be arranged as follows: 


Tue Species oF HoMALOcRINUS 


I. Arms in 10 main rami, bearing ramules. 
Ramules simple, gradually diminishing. 


Cronyn Clhiosonels sByse ih OMS SSHESs caocdooscoG00ccuccnunanGooone H. parabasalis. 
Lower ramule branching, much enlarged. 
Crown subglobose ; iBr in more than one series above first............ H., liljevalli. 


THE SPECIES OF CALPIOCRINUS 


II. Arms in 20 main rami, bearing ramules. 
Inner arm of dichotom less developed than outer. 


Post. B angular, not touching anal «. 
WB iin TO GAMES COWES WME wes ooocccoccovoboccobbUKuobbabOD C. intermedius. 


Post. B truncated by anal +. 


iBr in one vertical series. 
GErownovordleaewesw twee vee cease Ln aed conor oar sans qian Somalia C. ovatus. 


(Crowilbob lowes marys resy a cea stoua he oy nse vss eamsnensdacsucesaayiane, ayerecsel ees C. heterodactylus. 
Main rami equal. 


Post. B truncate. iBr in vertical series. 
Crown ellipsoid, plates uneven, convex..............---..-2-0-> C. fimbriatus. 


Crowm Ovo, plates eyGalhy curmnael. gc oconbcccgsccddonbuedendco% C. rotundatus. 


Insertae sedis 
(8) AO MAOCHUS POGUES. 500001 bob0D00DG0DdGDOGRDDU BOO OUUE OD OOD Plate VII, figs. 6a-e. 
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Homalocrinus parabasalis Angelin 
Plate VI, figs. I-12 
Homalocrinus parabasalis Angelin, Icon. Crin. Sueciae, 1878, p. 11, pl. 16, figs. 29, 30.—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. .35—Springer, Jour. Geology, XIV, 1906, 
p. 482, pl. 7, fig. 9. 
Taxocrinus nanus Salter, Cat. Cambrian and Silurian Fossils, 1873, p. 126. 
Homalocrinus dudleyensis Springer, Jour. Geology, XIV, 1906, p. 482, pl. 7, figs. 12, 13. 

Type of the genus. 

A small species. Crown ellipsoid, rounding to an obtuse apex above; gradu- 
ally expanding from base to about upper I1Br, where height to width is about 
I tor.5;at IAx, I to 2.5; base broad, truncate, with spread of calyx to [Ax about 
1 to 3. Surface smooth. Maximum crown, 17 mm. high by 12 mm. wide; base, 
5 mm.; minimum, 9 by 5 mm.; average height to width about 1.5 to 1. 

IBB much enlarged, more or less enveloping basals. BB usually visible as 
small triangles, posterior one highest. RR wider than [Br, touching iBr by 
short, sloping shoulders. [1 Br 2 or 3; [1] Br 4 or 5; average height to width of 
brachials about 1 to 2.5. Arms above I1Br rounded, generally abutting but not 
closely packed; ramules on every fourth or fifth brachial, gradually diminishing 
upward. Anal + not larger than other iBr, usually followed by one or more 
smaller plates in vertical series, filling the interradius; interbrachial sutures 
somewhat depressed and brachial plates convex, giving more or less unevenness 
to the general surface. Column short, large, tapering slightly; composed near 
the calyx of prominent short, rounded columnals, with one or sometimes more, 
shorter and narrower ones interposed; all become short and about uniform in 
lower part. 

Besides the type, only a single specimen has been found in Gotland referable to this 
species, and in that the growth of infrabasals has entirely covered the basals and lower half 
of the radials (Pl. VI, figs. 2a-c). The posterior basal is not well developed, as the posterior 
radials meet below the anal plate. This specimen has only two secundibrachs, which is un- 
usual but occurs exceptionally in specimens from Dudley and also in another species. 
Angelin’s figure of the type specimen (Icon. Crin. Suec., pl. 16, fig. 29) is incorrect as to the 
arm branching, which is represented as partly equal and partly unequal. 

A careful study of the excellent material at my command has convinced me that there is 
no constant diagnostic character by which most of the specimens found at Dudley can be 
distinguished from this species, and that the specific name H. dudleyensis, which I applied to 
them in 1906, must be dropped. 


The specimens to which Salter gave the manuscript name Taxocrinus nanus belong to 
this species, as has been clearly shown by examination of two specimens bearing his label as 


types, a in the Sedgwick Museum at Cambridge, England. 


As compared with most other species of this and related genera, this may be considered 
fairly abundant, yet it must be remembered that the 17 specimens used in the present investi- 
gation comprise about all that have been found in nearly a hundred years’ collecting at Dudley. 

Type. Angelin’s original, and the other specimen from Gotland now figured, are in the 
Riks Museum, Stockholm. Of those on Plate VI, figures 5, 6, 7 and 8 are in the British 
Museum, and figures 3, 4, 9, 10 and 11 are in the author’s collection. 

Horizon and locality. Silurian, Wenlock Group, horizon d; Wisby, Island of Gotland, 
and Dudley, England. 


LECANOCRINIDAE 155 


Homalocrinus liljevalli n. sp. 
Plate VI, figs. 13-15 


A small species. Crown subglobose, widest about the upper IIBr, where 
height to width is 1 to 1.8; at [Ax, 1 to 2.4; expending broadly from base to [Ax, 
with spread of calyx 1 to 2.4. Side outline convex; base broadly truncate. 
Rays deeply rounded and heavy looking. Surface smooth. Maximum crown, 
19 mm. high by 18 mm. wide; base, 6 mm. 

IBB large, wholly or partly enveloping BB and RA. I1Br 2 or 3; IIIBr 
2 to 4; ramules above this mostly on second or third Br. Height to width of Br 
about 1 to 2. Main arm trunk bearing five or six ramules before infolding, the 
lower one half as large as the main arm, and branching once or oftener. Arms 
all deeply rounded, not closely abutting, and not tapering rapidly; their plates 
convex leaving interbrachial spaces relatively much depressed. Anal x not 
specially different from first 1Br in other areas, except for small truncation to 
meet post. B. First iBr large, obtusely angular above and followed by double 
series of two to four ranges of small plates, filling the interradius; il] Br usually 
present. Tegmen composed of small irregular plates forming a pliant disk, with 
five large oral plates not in contact surrounding a central mouth, and ambulacra 
passing out between them and branching to the ten main arms. Column 
unknown. ; 


The discovery of the tegmen in a fragmentary specimen of this species has been men- 
tioned in the generic discussion. This important fragment did not belong to any species 
known at the Riks Museum, and I was at a loss where to place it until I received from 
Mr. Liljevall a second figure (Pl. VI, fig. 15a) giving a side view of the rays. Then I saw 
that it was identical with two very good specimens of an undescribed species from Gotland 
which had been in my possession for several years ; I am thus enabled to illustrate the species 
very thoroughly. It is beautifully distinct from H. parabasalis. There is a certain heaviness 
and lack of definite taper to the arms which gives it an entirely different aspect; while the 
generally shorter intervals between the ramules, and the double rows of small interbrachials, 
afford tangible structural grounds of distinction. The latter character is constant in the three 
specimens, and as my second specimen is quite small we may conclude that it is not a matter 
of individual growth. In this species finally we have an evident convergence in the arm struc- 
ture of Calpiocrinus and Homalocrinus, and at the same time confirmation of their generic 
distinctness. The lower ramule of the primary dichotom, which is here quite large, gives off 
one or two lateral sub-ramules ; this can be seen on the two inner ramules of the original of 
figure 13a, where the third and seventh brachials are axillary. On the other specimen, figure 
14a, bifurcation can be seen at the second brachial. Figure 13a-b has the Calpiocrinus base 
with the infrabasals covering everything but the apex of the posterior basal, so of course no 
radianal is to be seen there ; but the other specimen, figure 14, is less developed in that way, 
the basals being well exposed and slightly unequal. In addition to this the infrabasals are 
broken away, leaving the lower sloping faces of the basals open; and here we see the radianal 
fully developed in the position where we should expect to find it. This, I think, must be 
accepted as proof to justify holding this species under Homalocrinus, but with an evident 
tendency toward the other genus. 

Types. The type specimens for this species are those of figures 13 and 14 in the 
author’s collection, and of figure 15 which is in the Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon d; Wisby, Island of Gotland. 


II 
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Calpiocrinus intermedius n. sp. 
Plate VII, figs. 1-3 


Small, but larger than the next following species. Crown ovoid, broadly 
rounded below, widest about upper I] Br, where height to width is about 1 to 2, 
narrowing rapidly from there to an apex; spread of calyx from base to IAx, 
t to 2.8. Base rather narrow; side outline strongly convex. Surface smooth. 
Maximum crown, 30 mm. high by 20 mm. wide; base, 6 mm. 

IBB greatly enlarged, usually covering the basals except the apex of 
post. B. BB small; post. B angular above and not touching anal +. RR large, 
connecting above post. B. I[Br 3 or 4; II[/Br4or 5. Average height to width 
of Br about 1 to 3. Rami unequal, the inner ones of the ray smallest; rounded, 


strongly tapering, rather closely abutting, infolding to a small apex above the 


fourth or fifth ramule. Ramules on outer arm of ray about every fourth or 
fifth Br; inner arm resembling an enlarged ramule with subordinate ramules 
not visible from dorsal side. Anal + not touching post. B and not larger than 
first iBr in regular areas; iBr one rather short, broad plate followed by more 
than one series of small plates abreast. Column large, short, terminating in an 
expanded encrusting root ; composed near the calyx of prominent short, rounded 
columnals, with one to three shorter and narrower ones interposed, all becoming 
short and about uniform toward the distal end. 


This species, like the next, represents a modification in arm structure from Homalo- 
crinus toward Calpiocrinus in the enlargement of the lower ramules of the dichotom, and has 
also an infrabasal development sufficient to cover all the regular basals, and any possible 
radianal. It is clearly intermediate in position, and upon the visible characters might be 
placed under Homalocrinus, but for the probable absence of a radianal. In the basal struc- 
ture it goes a step further than any other species, to a quite unusual condition in which the 
anal x does not touch the posterior basal, but is cut off both externally and internally by the 
meeting of the two posterior radials below it. Thus although anal structures are present, the 
posterior basal is not touched or truncated by them, but remains angular, without any distal 
connection. 

This feature is constant for the three specimens, and is found elsewhere only in the 
genus Cleistocrinus from the same horizon. 

In arm structure this form is much in the condition of Homalocrinus liljevalli, but in 
addition to having longer intervals between the ramules there is a perceptible difference in 
general appearance—the rays in this having a more decided and graceful taper. This is well 
shown by the beautiful specimen illustrated on Plate VII, figure 1a, which is the finest and 
most complete example of this type yet found. It is wholly free from the matrix and is but 
little flattened by pressure, so that the natural contour is correctly shown. It has what is so 
rarely found in this group, a perfect stem, with the root complete—a broad spreading struc- 
ture evidently for attachment to other objects. The stem is very short, as was probably the 
case with most of the Silurian genera of this group, indicating that they lived in shallow 
water. The accompanying specimen, figure 2, with the stem almost complete, is from a very 
fine, somewhat flattened specimen in the British Museum, the largest one that has been 
found. The third specimen, from which we obtain a satisfactory elucidation of the basal 
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structure, and proof of the absence of a radianal, is a fragment in the Riks Museum. The 
reasons for associating these three specimens have been given in the generic discussion. No 
others have been found. 
Types. Author’s collection, British Museum, and Riks Museum, as above stated. 
Horizon and locality. Silurian, Wenlock Group; Dudley, England, and Gotland, Sweden. 


Calpiocrinus ovatus Angelin 
Plate VII, figs. 4a-f 


Calpiocrinus ovatus Angelin, Icon. Crin. Suec., 1878, p. 12, pl. 16, figs. 17-19—Wachsmuth and Springer, 
Revision Palaeocrinoidea, pt. 1, 18790, p. 39.—Springer, Jour. Geology, XIV, 1906, pl. 7, fig. 4. 


Specimens small. Crown ovoid, broadly rounded below, widest about axil- 
lary I1Br, where height to width is about 1 to 2; at [Ax, 1 to 3. Plates evenly 
curved and but little convex; surface smooth. Height of crown, 26 mm.; width, 
18 mm.; base, 5.5 mm. 

IBB large, forming a broad, truncate base, concealing all BB except apex 
of post. B. [Br 3; HIBr 4 or 5. All Br much wider than high. Rami nearly 
equal; ramules from outer arms prominent from every third or fourth Br, those 
from inner arms inconspicuous, borne upon small faces toward ventral side of 
axillary Br; outer arms diminishing by steps, inner by gradual taper. Arms 
closely abutting between rays and ray divisions, infolding about fifth ramule to 
a rather narrow apex. Anal x rather larger than other iBr, followed by two or 
more plates; first plate in other iBr areas followed by one or more plates in single 
series. Column unknown. 


This species with C. heterodactylus exhibits the smallest departure from typical Calpio- 
crinus in the line of transition toward Homalocrinus. The inner arms of the ray are almost as 
large as the outer, differing only in the more gradual taper, and more feeble development of 
lateral ramules which are rarely visible from the dorsal side. This form is readily distin- 
guished from C. fimbriatus and C. rotundatus by the above characters, and by the relatively 
heavier arms and shorter intervals between ramules. We have no proof of the presence or 
absence of a radianal, the basal development being such that it could not be seen if present; 
from analogy with C. intermedius we assume that it is not. No other specimen but the type 
has been found. 

Type. Inthe Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Gotland, Sweden. 


Calpiocrinus heterodactylus Angelin 
Plate VII, figs. 5a-e 


Calpiocrinus heterodactylus Angelin, Icon. Crin. Suec., 1878, p. 12, pl. 3, fig. 10, not pl. 26, fig. 8— 
Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 39—Springer, Jour. Geology, 
XIV, 1906, pl. 7, fig. 3—Waagen and Jahn in Barrande, Syst. Silur. centre Bohéme, VII, pt. 2, 
1899, p. 22. 


Similar to C. ovatus; differing mainly in having a narrower and less ovoid 
crown, and in the slightly less development of interbrachial plates. The struc- 
tural details of this form are sufficiently explained under the last species and in 
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the discussion of the genus. The species is represented by a single specimen, 
and that not very complete. 


Type. Inthe Riks Museum, Stockholm. 
Horizon and locality. Silurian, Wenlock Group, horizon f; Gotland, Sweden. 


Calpiocrinus fimbriatus Angelin 
Plate VIII, figs. 1-5 


Calpiocrinus fimbriatus Angelin, Icon. Crin. Sueciae, 1878, p. 12, pl. 20, figs. 77, 77a, b—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 39.—Springer, Jour. Geology, XIV, 1906, pl. 7, 


figs. 1, 2 : 

Type of the genus. 

Larger than any other species. Crown ellipsoid, widest about the upper 
I11Br, and with broad base; height to width at upper I1Br about 1 to 1.5; spread 
of calyx from base to [Ax, 1 to 1.7. Plates convex, and arms rounded. Surface 
smooth. Maximum crown, 33 mm. high by 23 mm. wide; base, 6 mm. 

IBB large and prominent, forming a broad, truncate base, overlapping BB 
except small points and the truncate apex of post. B. Rays.divide a second time 
on IIBr 3 or 4 into equal branches; first ramule on inner arm usually from 
4th IIIBr, and on outer from 6th; ramules above these at intervals of about 
6 or 7 Br; arms diminishing by steps for about three ramules to equal final 
branches, where they infold. Anal x large, followed by two or more plates in 
single series ;1Br areas like the anal, but not quite so wide; 111 Br usually present, 
I to 5 small plates in vertical series. Column extremely large, from a third to 
two-fifths the greatest diameter of calyx; round, composed of very large, 
rounded columnals about half as long as wide, not alternating or diminishing in 
width. 


This species is the typical Calpiocrinus as now defined, having 20 equal arm branches 
bearing lateral ramules to the inside of the dichotom. The ramules do not branch again so 
far as observed, but might do so; they have the form of regular arm divisions, closely abutting 
upon the main ramus and more than half its width. By reason of the successive bifurcations 
the rami diminish rapidly in size, while the ramules taper gradually, until the branches be- 
come equal. Angelin founded the species upon two very good specimens of which I give 
new and accurate figures. Another fine specimen, with part of the very robust stem attached, 
has since been obtained in Gotland (Pl. VIII, figs. 5a-b) ; it is the largest example of the genus 
yet found. I have also referred to this species a fragmentary calyx figured by Angelin as 
C. heterodactylus (Pl. VII, figs. 4a, b), which seems to be more like this in the spread of 
calyx and number of interbrachials. These are all the specimens known. 

Type. Angelin’s originals, and the other specimen now first figured, are all in the Riks 
Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Gotland, Sweden. 
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Calpiocrinus rotundatus n. sp. 
Plate VIII, figs. 6-8 


Of the type of C. fimbriatus, but differing in the form of the crown, which 
is ovoid and much more broadly rounded below. The calyx walls are evenly 
curved, without depressions or unevenness of any kind above the II]Br, and 
the lower part of the rays less convex than in the preceding species. Height to 
width of normal specimen at widest point about 1 to 2, and spread of calyx from 
base to Ax, 1 to 3. Crown of this specimen, 23 mm. high by 15 mm. wide at 
IIlBr.; base, 5 mm. There is also a difference in the column, which while large is 
composed of relatively much shorter columnals, with alternation of still shorter 
ones from the calyx down; it tapers gradually toward the root, and has three 
internodals in the lower part. Surface smooth. 


This species is proposed upon a nearly perfect specimen from Gotland, which is a fine 
and characteristic example of the genus (Pl. VIII, figs. 6a-c), but does not agree with C. 
fimbriatus. It has the stem almost complete; which probably ended in an encrusting root for 
firm anchorage in shallow waters. I also refer to it another specimen in the Riks Museum 
which has a considerably shorter and more globose crown; if this is not due to vertical com- 
pression, then the difference from C. fimbriatus is still further emphasized. 

Types. Author’s collection (Pl. VIII, fig. 6), and Riks Museum (fig. 7). 

Horizon and locality. Silurian, Wenlock Group, horizon f; Bara, Island of Gotland. 


(?) Homalocrinus peculiaris n. sp. 
Plate VII, figs. 6a-c 


This singular specimen, which appeared among material collected for me at Wisby, in all 
probability belongs to the type of the Homalocrinoids. The infrabasals are broken away, but 
the appearance of the base, when compared with figures 4b and 7c of Plate VIII, leaves little 
doubt that they overlapped the basals and reached to the radials. It is peculiar in having but 
one primibrach, so that the radial is directly succeeded by an axillary, and in the second range 
there are but two plates, as happens occasionally in Homalocrinus. The right posterior ray 
has an extra plate below the axillary, the lowest one being larger than the radial in the other 
rays, and this may be taken as a radianal—though relatively too large for that plate in a 
normal specimen. The heterotomy of the arms is rather that of Homalocrinus, with the 
ramules branching again; and in default of any better disposition we may suppose it to be a 
specimen of that genus which has dropped one primary brachial all around. So I have con- 
cluded to give it a name and let it go at that. 

Type. Author’s collection. 

Horizon and locality. Silurian, Wenlock Group, horizon f ; Wisby, Gotland. 
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ANISOCRINUS Angelin 
Plate X, figs. I-9 


Anisocrinus Angelin, Icon. Crin. Sueciae, 1878, p. 13——Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. 1, 1870, p. 37; tbid., pt. 3, 1886, p. 143—Von Zittel, Handb. Palaeontologie, I, 1870, 
p. 356; Grundztige Palaeontologie, 1895, p. 138.—Zittel-Eastman, Textbook Palaeontology, 18096, 
p. 164 (2d Ed., 1913, p. 203).—Jaekel, Zeitschr. deutsch. geol. Ges., XLIX, 1897, p. 46 (separate).— 
Bather, Rep. British Assoc. for 1898 [1899], p. 923; Treatise on Zoology (Lankester), pt. 3, 
p. 189.—Springer, Amer. Geologist, XXX, 1902, p. 94; Jour. Geology, XIV, 1906, p. 479. 
Lecanocrinus Angelin (in part), Icon. Crin. Sueciae, 1878, p. 11. 


Fic. 15. Anisocrinus 


Lecanocrinidae with rays partly separated by solid plates arched over by 
brachials. Crown usually ovoid, truncate above. Infrabasals more or less erect, 
taking part in the calyx wall. Radianal irregularly under right posterior radial, 
resting on basals, and generally not touching right anterior radial; exception- 
ally oblique, or wanting. Anal x alone, or followed by others. Interbrachials 
usually one very large plate (exceptionally more than one smaller in succession ) 
filling the interradius, with rays interlocking above. Primibrachs two. Arms 
usually dichotomous, interlocking, and infolding almost at a right angle. 
Column not enlarging at the calyx. 

Genotype. Amisocrinus interradius Angelin. 

Distribution. Silurian; Sweden and the United States. 


Anisocrinus may be described as a combination of Lecanocrinus and Clidochirus, with 
solid interbrachial structures added. Its most striking peculiarity in typical forms is the 
relatively enormous first interbrachial plate, usually the only one, completely filling the inter- 
radius and closely arched over by the abutting rays. 

The calyx plates are rather evenly curved, without marked depressions at the sutures or 
in the interbrachial region, producing a generally unbroken surface. 

The radianal in this genus is in an intermediate position and somewhat inconstant, 
usually retaining the angular lower face and general form of a radial, but sometimes not 
touching the right anterior radial, and therefore not quite in primitive position ; exceptionally 


LECANOCRINIDAE 161 


it takes on a quadrangular form and more oblique position, resembling that of Lecanocrinus. 
In one species it is absent, and if we had more satisfactory material I should be disposed to 
separate this form generically, as it also has a more nearly heterotomous arm than the others. 
But having only a couple of imperfect specimens, neither of them preserving the base, and 
in view of the fact that the radianal seems to be otherwise unstable, and that these specimens 
have the other characteristics of the genus strongly marked, the better course seems to be to 
leave it as a variant. 

The mode of arm branching, or rather the degree of it, is not quite constant. Ordinarily 
it is a regular dichotomy, the arms dividing into nearly equal halves which are continuations 
of the preceding branches in the same direction. But in some specimens the division becomes 
more or less unequal—the smaller branch being toward the inside of the dichotom. This 
diversity is observed between specimens of the type species ; and in the form last above men- 
tioned, where the radianal is absent, the irregularity is so great as to be fairly called 
heterotomy. 

This genus is one of a small group of Silurian genera hitherto supposed to be confined to 
Gotland, Sweden, which have been vaguely associated in the books, but which on account 
of the insufficiency and incorrectness of Angelin’s figures have been much confused. The 
others are Homalocrinus and Calpiocrinus, from both of which Anisocrinus differs in the 
existence or position of the radianal, the larger basal development, and the absence of the 
remarkable specialization of the infra-base which characterizes those genera. From Lecano- 
crinus, with which it has been most often confused, and Clidochirus, it differs in having inter- 
brachials all around instead of only at the anal side. 

Although Angelin recognized a new generic form in the specimens he had, his diagnosis 
contained nothing from which its characters could be inferred, and his description of the type 
species added no further information; so that from the definition alone the genus would be 
indistinguishable. To make the matter worse, he referred the best specimen he had to 
Lecanocrinus, without any reason whatever which did not equally apply to the other speci- 
mens. It may be supposed that the quadrangular radianal in the smaller specimen (Icon. 
Suec., pl. 19, fig. 4) suggested its reference to Lecanocrinus, of which the author gave a 
diagnosis calling for “ parabasalia sex ” ; but why he included plate 19, figure 3, which has no 
radianal at all, and did not refer all the others which have the odd plate to Lecanocrinus 
instead of making a new genus for them, is difficult to see. In addition to this, his figures 
of A. interradiatus (Icon. Suec., pl. 22, figs. 18, 18a) were incorrect in failing to show the 
actual construction of the right posterior ray. So when Wachsmuth and Springer in the 
Revision of the Palaeocrinoidea undertook to define the genus, the only character of essen- 
tial importance which they could specify was the arrangement and size of the “ interradial ” 
and anal plates ;—saying that the description would “probably have to be modified when 
more species are discovered.” We, however, referred Angelin’s so-called Lecanocrinus to 
this genus. 

Nevertheless the specimens themselves, with the addition of the two since found, show a 
well-characterized generic form, with a radianal generally present; and this enables us to 
place the genus upon tenable ground as I pointed out in 1906; This determination has been 
confirmed by the discovery of two other species in America—both also referred by their 
describers to Lecanocrinus. It is unfortunate that this interesting and well-marked genus 
should be represented by such a poverty of material—there being only about a half dozen 
good specimens known in all the species. The typical forms of it have a contour unlike that 
of any other ; the large interbrachials produce a prominent swelling of the calyx, above which 
the rays contract into a compact bundle of parallel arms which is squarely truncate above by 
their infolding. 
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Four species referable to this genus have been described, two from Gotland, and two 
from America; to these I have added a fifth and doubtful one based on Gotland specimens. 
The species will be arranged as follows: 


THE SPECIES OF ANISOCRINUS 


I. Anal and iBr plates 1. 
Crown ventricose at the calyx, contracting above IBr. 


IBB large, protuberant, or in projecting rim; I[Br 3 or 4........ A, interradiatus. 

IBBysmallsnot visibleainiside view, UIBmekaeaeee seers eenenee A. angelini. 
Crown obconic below, gradually expanding beyond IBr. 

IBB large, in conical ring continuous with column.................... A, greenet. 


II. Anal and iBr plates more than one. 
Crown obconic below, gradually expanding. 


IBBevisibleymotetornnim ogeriinle yr Crete nee era A. oswegoensis. 
A doubtful species, variant from the genus, with arms heterotomous 
and no radianal ; otherwise like A. interradiatus............. (?) A. irregularis. 


Anisocrinus interradiatus Angelin 
Plate X, figs. 1-3b 


Anisocrinus interradiatus Angelin, Icon. Crin. Suec., 1878, p. 13, pl. 22, figs. 18, 184a—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 37.—Springer, Jour. Geology, XIV, 1906, pl. 6, 
fig. 9. 


Type of the genus. 

A small species. Crown ventricose at the calyx, obconic below, contracting 
and cylindrical above [Br, and squarely truncate at the top—the arms forming 
a parallel bundle, and squarely infolding about the first to fourth IVBr. Great- 
est width about the first IBr; height to width at RR, 1 to 2; spread of calyx 
from base to RR, 1 to 3.5; base obconic, truncate. Surface probably smooth. 
Maximum crown, 15 mm. high by 1r mm. wide; base, 3 mm. 

IBB of good size, protuberant in small conical ring or projecting rim. 
BB large. RA large, located below r. post. R, usually but not always touching 
r.ant.R. Anal + very large, acuminate, rising to height of second or third IIBr. 
iBr not quite so largeasv. RRlarger than BB. IBr short and narrow. Height 
of B to R to IBr, 3:3.5:1. I1Br 3 or 4, half as high as wide; IIIBr 6 to 8, fol- 
lowed by one bifurcation. Arms closely abutting, evenly rounded, tapering but 
little ; dividing into equal bifurcations each about half the width of the preceding 
branch, sometimes unequal. Column unknown. 


Angelin’s figure did not show the radianal, but it is perfectly developed in the type 
specimen, and also in two others since found (PI. X, figs. 2b, 3b) ; the last of these specimens 
shows the arms to their full height, which the type did not. All the specimens are apparently 
smooth. 

Type. Angelin’s original and the other specimens figured herein are in the Riks Museum, 
Stockholm, Sweden. j 

Horizon and locality. Silurian, Wenlock Group, horizon f; Wisby, Island of Gotland. 
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Anisocrinus angelini Wachsmuth and Springer 
Plate X, figs. 4a, b 


Lecanocrinus macropetalus Angelin, Icon. Crin. Suec., 1878, p. 12, pl. 19, fig. 4, not pl. 19, fig. 3, nor 
pl. 22, fig. 24. 

Anisocrinus angelini Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 37—Springer, 
Jour. Geology, XIV, 1906, p. 480, pl. 6, fig. ro. 


A very small species. Crown ovoid, rounded below, contracting above the 
calyx; base broadly rounded, perhaps shallowly concave; greatest width at RR, 
where height to width is 1 to 1.8. Surface smooth. Crown, 7 mm. high by 5.5 
mm. wide. 

IBB very small, not visible in side view, perhaps covered by the column. 
BB larger than RR. RA quadrangular, lying obliquely to left of r. post. R. 
Height of B to R to [Br, 3:2.2:1.4. IBr about half as high as wide. All 
brachials proportionally longer and narrower than in other species. Column 
composed near the calyx of large rounded columnals, with short and narrower 
ones interposed. 

There is only one specimen certainly referable to this species ; it is a very small one with 
the characters of immaturity, and it may be only a variant young specimen of A. interradiatus. 
For some strange reason Angelin figured under the name Lecanocrinus macropetalus two 
specimens for which Wachsmuth and Springer proposed the present species. But a careful 
examination of these specimens shows that they are not at all alike, and if the species is to be 
maintained it must be upon the smaller specimen—Icon. Crin. Suec., plate 19, figure 4. 
Angelin’s figures of them are all misleading; his plate 19, figure 4 is about four times 
~ enlarged; plate 19, figure 3 and plate 22, figure 24, both drawn from one specimen, are partly 
restored and incorrect, and the specimen may belong to a different generic type. I have re- 
figured plate 19 figure 4 with two correct drawings, enlarged three times (Pl. X, figs. 4a, b, 
herein). The proportionally longer brachials indicate an immature stage, but the shape and 
position of the radianal, contour of the lower part of the calyx, very small infrabasals, large 
basals, and two secundibrachs, afford recognizable differences from the other species. 

Type. Inthe Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Gotland, Sweden. 


Anisocrinus greenei (Miller and Gurley) 
Plate X, figs. 8, 9 


Lecanocrinus greenei Miller and Gurley, Bull. 8, Illinois St. Museum, 1896, p. 52, pl. 3, fig. 28—WMiller, 
N. A. Geology and Palaeontology, 2d Appendix, 1807, p. 748, fig. 1363. 
Anisocrinus greenei, Springer, Jour. Geology, XIV, 1906, p. 480, pl. 6, fig. 11. 


A rather large species. Crown elongate ovoid, conical below gradually ex- 
panding with nearly straight sides to level of RR, where height to width is 1 to 
1.5; thence cylindrical, and broadly truncate at the top; spread of calyx from 
base to RR, I to 3; base truncate. Surface smooth. Crown, 19 mm. high by 
12mm. wide. 

IBB large, erect, and about continuous with the column, not forming a rim. 
BB large, RR smaller; height of B to R to IBr, 5:4:2. IBr short, about one- 
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third as high as wide; IIBr 4 or 3, with one more bifurcation visible. Arms 
infolding at about the sixth I1Br, equally dividing and closely abutting. Anal 
x large, acuminate, reaching to [JBr2, RA under r. post. R, but rather small, 
and not touching r. ant. R. iBr not so large as in A. interradiatus. Column 
large, composed of uniformly large rounded columnals without alternation near 
the calyx. 


Miller and Gurley described this species as a Lecanocrinus from a single specimen. 
Neither their figures nor description show the presence of a radianal, yet it is plain in the 
type specimen (Pl. X, fig. 8). The form lacks the ventricose calyx of the two preceding 
species, and is of decidedly more elongate and slender habitus, more so than is.indicated by 
the figure, as the specimen is somewhat flattened. The type is derived from the Niagaran 
limestone near Louisville, Kentucky, and I figure another specimen, from a slightly lower 
horizon in western Tennessee, which may be of this species, being about the same size and 
quite elongate, with the same conical infrabasal ring; it is too much distorted for close com- 
parison. No other specimens are known. 

Type. In the Walker Museum, University of Chicago; the original of figure 9 is in the 
author’s collection. 


Horizon and locality. Silurian, Niagaran, Louisville and Brownsport limestones ; 
Louisville, Kentucky, and Decatur County, Tennessee. 


Anisocrinus oswegoensis (Miller and Gurley) 
INGE 2%, jtGS. 7a, O, 


Lecanocrinus oswegoensis Miller and Gurley, Bull. 4, Illinois St. Mus., 1894, p. 33, pl. 3, figs. 15-17. 
Anisocrinus oswegoensis, Springer, Jour. Geology, XIV, 1906, p. 480, pl. 6, fig. 12. 


A small species. Crown elongate, obconic below, gradually expanding to 
greatest width about IAx, where height to width is 1.1 to 1; at RR, 1 to 3; base 
truncate. Surface marked by small raised pustules. Crown, 14 mm. high by 
8 mm. wide. 

IBB of medium size, protuberant, continuous with column and not forming 
arim. BB smaller than radials. RA large, directly under r. post. R, touching 
r. ant. R, and of similar form to radials. Anal « obtusely angular above and 
followed by two unequal plates, with probably others succeeding. iBr two, 
small, in vertical series. RR large; B to R to [Br, 2.7:3.2:1.5. [Br half as high 
as wide. IIBr 4 or 3, with at least one bifurcation above. Column unknown. 


This species, which is represented by only a single specimen from the Niagaran lime- 
stone of Oswego, Illinois, differs from all others in the perfectly primitive position of the 
radianal, and in the presence of more than one plate in the anal and interbrachial areas. The 
specimen is somewhat injured ; there is an open space in the anal area, but I have no doubt it 
was filled with plates. The iBr plates taken together are much smaller than the single one of 
the Swedish species, and there is no such swelling of the calyx as is seen in them. The [Br 
are proportionately wider plates. This is the only species in which a surface ornament has 
been observed. _ 

Type. Inthe Walker Museum, University of Chicago. 

Horizon and locality. Silurian, Maquoketa ; Oswego, Illinois. 
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(?) Anisocrinus irregularis n. sp. 
Plate X, figs. 5-6 


Lecanocrinus macropetalus, Angelin, Icon. Crin. Sueciae, 1878, p. 12, pl. 19, fig. 3; pl. 22, fig. 24. 

A rather large species, superficially resembling 4. interradiatus. Crown 
low, broadly subovate, rounded and ventricose below; cylindrical and truncate 
above, widest about top of RR, where height to width is about 1 to 2. Surface 
smooth. Crown about 20 mm. high by 16 mm. wide, but somewhat flattened. 

IBB unknown. BB about as large as radials. RA absent. Anal + very 
large, and it may be followed by a small triangular plate. 1Br similar in form 
and size to anal, with similar minute plates sometimes following filling the inter- 
radius. RR large; height of B to R to IBr, 5.5:4:1.7. [Br one-third as high as 
wide. IIBr, 4, with one or two bifurcations following. Rays uniting closely 
above iBr, dividing unequally, the branches toward the inside of the dichotom 
being about three-fifths the width of the outside ones; the subordinate branches 
parallel to the others, closely abutting to them and to each other, and infolding 
squarely above the second ramule. Column unknown. 

I have proposed this species for the reception of the specimen figured by Angelin as 
Lecanocrinus macropetalus in the Icon. Crin. Suec., plate 19, figure 3 and plate 22, figure 24, 
together with another imperfect one since found, both of which are figured herein. In both 
specimens the base is broken away, but the other characters are all shown. In the absence of 
a radianal and the unequally bifurcating arm it presents characters which, if constant, would 
require the reference of this form to a new genus. But the radianal seems to be a somewhat 
unstable structure in this genus, having already been found in a variety of positions ; and the 
arm branching is not quite regular, there being some variation in this respect even in A. inter- 
radiatus where the bifurcation is not always equal. The specimens here described possess 
the characteristic facies of Anisocrinus so strongly, that in the absence of abundant corrobora- 
tive evidence of constancy in the erratic characters it seems best to retain them within this 
genus; treating it as a highly specialized type in which, with the predominance of its rela- 
tively enormous interbrachial, other characters become inconstant. 

Type. Inthe Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon f ; Gotland, Sweden. 
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HORMOCRINUS nov. gen. 
(opuos, necklace; xpivor, lily) 
Plate XIV 


Fic. 16. Hormocrinus 


Lecanocrinidae with rays above radials partly separated by solid plates 
followed by perisome. Crown low; calyx well differentiated. IBB erect, taking 
part in the calyx wall. No radianal. Anal « truncate, succeeded by smaller 
plates abreast, or by perisome direct. Interbrachial areas wide, occupied by one 
large plate, with or without others succeeding. Primibrachs usually 2, excep- 
tionally 3 or 4; first one filling distal face of radial. Arms dichotomous; rays 
arching over interbrachial areas but not interlocking. Column large, tapering 
to a fine point, without attachment. 

Genotype. Centrocrinus tennesseensis Worthen. 

Distribution. Silurian; United States, England and Gotland. 


This genus is proposed for the reception of a fine series of specimens from the Browns- 
port formation of western Tennessee, and some allied forms from Europe, which could not 
be brought under any other heretofore known. While superficially resembling Pycnosaccus 
in general habitus, it is broadly distinguished from that genus by the absence of a radianal, 
and by the presence of a large, solid interbrachial plate abutting on the first primibrach so 
that the latter plate fills the entire distal face of the radial, shutting it off from possible con- 
nection with perisome. This interbrachial may be followed by a few smaller plates, usually 
only at the shoulders next to the primibrach, or by perisome directly without the interposition 
of other plates. Like Pycnosaccus, it is subject to exception as to the number of primibrachs, 
which is normally two and nearly constant for the American and English species, but greater 
and irregular in the single known specimen representing the genus in Sweden. 

Hormocrinus ought not to be confused with any other genus.. Those of the family which 
are morphologically parallel to it in the absence of a radianal are thoroughly differentiated 
by other characters. The column in the typical form is peculiar for the small amount of alter- 
nation in the columnals, and for its very gradual taper to a small, unbranched, distal end; it 
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was not constructed for permanent attachment to other objects, but was perhaps capable of 
being wound around them for temporary anchorage. This form of column indicates that 
these crinoids probably floated about in quiet water, in strong contrast to genera like Calpio- 
crinus, which with their very short, stout column and broad encrusting root, must have lived 
in shallow water attached to the bottom and contending with currents. 

The type species was described by Worthen under Centrocrinus, and was subsequently 
referred by Wachsmuth and Springer to their proposed genus /diocrinus—both on the sup- 
position that it was a Camerate crinoid. The solitary specimen then known did not indicate 
the Flexible affinities which are so clearly established by the material now in hand. 

After this well-defined type had been recognized in the Tennessee specimens it became 
evident that the genus was widely distributed, and would readily include certain specimens 
from England and Gotland which had baffled all efforts to refer them to any of the known 
genera. Thus the genus is represented by a species in each of the well-known Silurian re- 
gions of America, England and Sweden; and since the accompanying descriptions were pre- 
pared the American range of the genus has been enlarged by the discovery of a specimen 
closely allied to the type in the Laurel formation at St. Paul, Indiana. 

The species may be arranged as follows: 


Tue Spectres oF HorMOCRINUS 


I. IBr 2. Calyx ridges angular from RR to BB. 
RR much larger than IBr. 


Surface not pustulose. 
Columnals large, convex, strongly alternating proximally...... H. tennesseensis. 


RR but little larger than IAx. 


Surface pustulose. ; 
Columnals short, with slight alternation......................... H anglicus. 


II. IBr 3 or more, calyx ridges obscure or wanting. 


Surface smooth. 
Columnals short, with slight alternation....................... H. gotlandicus. 


Hormocrinus tennesseensis (Worthen) 
Plate XIV, figs. 1-5 


Centrocrinus tennesseensis Worthen, Geol. Sury. Illinois, VIII, 1890, p. 95, pl. 14, fig. 1—Foerste, Jour. 
Geology, XI, 1903, p. 712. 

? Idiocrinus tennesseensis, \Vachsmuth and Springer, N. A. Crinoidea Camerata, 1807, p. 206, pl. 18, 
fig. IT. 


Type of the genus. 

Specimens rather small. Crown short, conical, broadly spreading, with 
angulai ridges marking the course of the dorsal nerve cords and passing from 
IBB to center of BB, thence coalescing on RR and following median line of Br 
to the arms; spread of calyx from base to top of RR, about 1 to 3; height to 
width, 1 to 2. iBr areas depressed, cross-section at IBr pentagonal. Surface 
without ornament except the ridges. Maximum crown, 12 mm. high by 15 mm. 
wide; base at IBB, 5 mm.; proximal columnal, 3.5 mm. 

IBB large, forming a short, convex cylindrical rim. BB about equal in 
height to RR. Anal + with truncate apex, followed by perisome in the middle 
and by a plate on each sloping shoulder abutting on IBr:, and IBr.; iBr 1 large 
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plate connecting with IBr, either followed by perisome direct, or by small plates 
at either side as in the anal area. [Br 2, low, filling distal face of R; height of 
B to R to IBr as 3.5:3.5:1. IIBr 2; I1JBr 3 or 4. Arms angular to second 
bifurcation, shortly beyond which they infold. Column large, long, tapering 
very gradually to a fine point; composed of strong, rounded columnals, with 
slightly shorter and narrower ones interposed for a short distance from the 
calyx ; beyond this they become nearly equal in size, about two-thirds as long as 
wide and strongly rounded, resembling a string of beads; near the distal end 
they lose their convex rim, become straight and much elongated, nearly twice 
as long as wide. 

This species was described by Professor Worthen from a single specimen which did not 
show the anal side. Nevertheless the form is readily recognized, and the validity of the 
species is now confirmed by a splendid series of eleven specimens occurring in the Browns- 
port beds associated with Pycnosaccus. The preservation is excellent, leaving little! to be de- 
sired in the way of structural detail except the interbrachial perisome, which we were not 
fortunate enough to find intact as in the specimens of that genus, although remnants of it are 
to be seen in some places. As is shown by the figures, the perisome in some cases directly 
succeeds the broad truncate interbrachial (Pl. XIV, fig. 2b), and in others is separated from 
it by plates at the lateral sloping faces connecting with the primibrachs. The apex of the 
large interbrachial, however, remains truncated to some extent, and I am inclined to think 
that some part of the distal edge of the plate was always in contact with perisome. The 
number of primibrachs and secundibrachs, two of each, holds good almost without exception 
in all the specimens of this species ; which is interesting as contrasted with their great insta- 
bility in the Swedish species. The bead-like appearance of the stem for almost its entire 
length is very marked ; after the first few proximals the alternation of the columnals becomes 
inconspicuous and rather irregular. In the complete specimen shown by figure 3, the stem 
is preserved to the very end, and there is no sign of any structure for attachment; it ends in a 
fine point, capable of twisting about other objects. 

Types. Author’s collection. 

Horizon and locality. Silurian, Niagaran Group, Brownsport limestone; Decaturville, 
Tennessee. A closely related form occurs in the Laurel limestone at St. Paul, Indiana. 


Hormocrinus anglicus n. sp. 
Plate XIV, figs. 6, 7 


Specimens larger than in H. tennesseensis; too much flattened to admit 
measurement of contour, but calyx is similarly low and spreading ; much wider 
than high; spread from IBB to top of RR, about 1 to 3. Delicate ridges pass 
from IBB and BB to RR, thence following median line of rays to the higher 
brachials. Crown relatively higher than in that species owing to the greater 
number of I1Br; approximately about 15 mm. high and 16 wide. Surface dis- 
tinctly ornamented with small pustules, tending to form longitudinal costae on 
the brachials and also on the column. 

IBB pentagonal in side view. Anal and first iBr rather small, followed by 
a second range of plates adjoining IBr, probably not meeting at the middle. 
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BB and RR about of equal height; B to R to IBr, about 3:3:2. IBr 2, low and 
wide; IIBr 3 to 4, exceptionally less. Column composed near calyx of very thin 
columnals, slightly alternating for a considerable distance, when they become 
longer, more uniform, and rounded; they are marked by longitudinal wrinkles 
and strongly crenulated sutures. 


The two specimens on which this species is described are not in the best condition for 
giving the contours of the calyx and crown, being much flattened, but they are sufficient for 
clear definition as to all essentials. They have an identical history in one respect; that of 
figure 7 has been in my collection for several years, having been obtained among some other 
Dudley material from an English collection, labeled Tavocrinus tuberculatus; that of figure 
6 was observed by me, when studying the Flexibilia in the British Museum, among a number 
of specimens of 7. tuberculatus,; it did not seem to fit in that company, and I obtained a cast 
of it for comparison with my own specimen, which had been decorated with a “ ?”. The two 
lay together unplaced until my specimens from Tennessee came to light, when it was at once 
apparent where they belonged. This form is evidently very rare at Dudley, as I know of no 
other specimens. The relatively greater size of the IBr, smaller iBr, more elongate crown, 
and surface ornament, readily distinguish this from the type species. 

Types. The original of figure 6 is in the British Museum; of figure 7 in the author’s 
collection. 

Horizon and locality. Silurian, Wenlock Group ; Dudley, England. 


Hormocrinus gotlandicus n. sp. 
Plate XIV, figs. Sa-d 


Specimen about the same size as those of the last species ; crown more elon- 
gate. Calyx low, broadly spreading, without sharp angular ridges or surface 
markings. - Height to width at top of RR, 1 to 2; spread of calyx to same level, 
I to 4; cross-section at IBr strongly pentagonal. Crown at second bifurcation, 
about 20 mm. high; width at [Ax, about 16 mm. 

IBB short, not projecting or forming a rim. BB large. Anal and first 
iBr plates very wide, truncate for their entire width and directly succeeded by 
perisome, without other plates at the wings. RR relatively low, about as high as 
BB. IBr half the height of RR, strongly convex and relatively narrower than 
in other species; variable in number from 3 to 5 in same specimen. I[IBr 2 to 3, 
widely diverging on axillary I[Br, which has a truncate apex; this feature ex- 
tends to the higher divisions which are, so far as seen, strongly divergent. 
Arms round, without angularity in any part of the ray. Column strong, com- 
posed near the calyx of very short columnals of about even diameter, slightly 
alternating in length. 

The species is founded upon a single specimen from Gotland, which is well preserved. 
The irregularity in number of brachials and the widely divergent arm-branches give it a 
peculiar aspect, which with the absence of sharp angular ridges readily distinguishes the 
species. 


Type. Riks Museum, Stockholm. 
Horizon and locality. Silurian, Wenlock Group; Alskog, Island of Gotland. 
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CHOLOCRINUS Springer 
Plate IX 


Cholocrinus Springer, Jour. Geology, XIV, 1906, pp. 515, 517—Zittel-Eastman, Textbook Palaeontology, 
2d Ed., 1913, p. 203. 

Forbesiocrinus, Angelin (in part), Icon. Crin. Sueciae, 1878, pl. 21, fig. 18 (not fig. 21); pl. 28, fig. 2 
(not fig. 3). 

Lithocrinus, Wachsmuth and Springer (in part), Revision Palaeocrinoidea, pt. 1, 1879, p. 52. 


Fic. 17. Cholocrinus 


Lecanocrinidae with rays above radials separated by perisome only. Crown 
elongate. Infrabasals erect, taking part in calyx wall. Radianal rhombic, 
obliquely to lower left of right posterior radial. Anal x followed by perisome. 
Interbrachial areas filled with integument of irregular plates passing into the 
tegmen. Primibrachs two to five, the first not filling distal face of radial. Arms 
heterotomous, divergent, not abutting over interbrachial areas; ten main rami 
with irregular, branching ramules. Column short, cylindrical, with terminal 
plate for attachment. 

Genotype. Forbesiocrinus obesus Angelin. 

Distribution. Silurian; found only in Gotland. 

I proposed this genus in 1906 upon Angelin’s species Forbesiocrinus obesus, as figured on 
his plates 21 and 28, on account of the different interbrachial structures, and the presence of a 
radianal as indicated by figure 2 of the latter plate (which proves to be an incorrect restora- 
tion). On neither of these characters could it be reconciled with the typical form of Litho- 
crinus, under which that species was ranged by Wachsmuth and Springer in 1879. At that 
time I was not aware of the facts since brought out by Mr. Liljevall’s beautiful preparations 
and drawings, which confirm the separation of the genus in a very striking manner. The 


family position of this form is rather difficult to determine. The calyx is that of Pycnosaccus 
in every particular, having wide interbrachial spaces filled only with perisome, an oblique 


LECANOCRINIDAE! 17J 


radianal, and a truncate anal plate. But the arms are of a heavy, elongate, divergent type 
wholly foreign to the Lecanocrinidae generally ; upon arm structure alone it would stand next 
to Lithocrinus, with heterotomy less regular than in that genus. Considering the nature of 
its calyx, and that it has large infrabasals, forming upright pentagons in the calyx wall as 
typified by Lecanocrinus, the genus is perhaps better placed in this family than in the Sageno- 
crinidae. It also has a short, strong stem with encrusting root, further indicating its affinities 
to be with shallow water forms like Calpiocrinus and Homalocrinus. 

The interbrachial structures are finely shown by the enlarged detail from the type speci- 
men (PI. IX, fig. 1b), and also clearly indicated in another good specimen (fig. 2a). Angelin’s 
principal figures were based upon a single specimen which was badly crushed at the anal side, 
the posterior basal being pushed under the radial to the left. His figure (pl. 28, fig. 2) takes 
no account of this, but represents the posterior side with its basal of the same form as the 
others, and not touching the anal x at all. My new figure, 1c on Plate [X, shows very clearly 
what the arrangement of the plates must be, while the fortunate discovery of two other 
specimens of this rare form removes all doubt upon this point (Pl. IX, figs. 2b, 3). In addi- 
tion to these figures, Mr. Liljevall has made two more enlarged drawings from Angelin’s 
original of F. obesus, giving important information as to the anterior ray, and also a series 
of enlarged figures of the fragment figured by Angelin on plate 26, figures 6, 6a, as F. divari- 
catus, which proves to belong to the same form; this is a specimen of much importance, 
affording complete confirmation of the anomalous arm arrangement indicated by the other 
specimens, and also disclosing the structure of the tegmen (PI. IX, figs. 4a-e). 

The unequal development of the rays in the only known species is a most peculiar feature 
of this genus. I have not included this character in the generic diagnosis, because the separa- 
tion 1s perfectly valid without it, and whether this structure is correlated with the other 
generic characters or only represents a freak exhibited by a single species may as well be left 
an open question for future discoveries to settle. There is no doubt that it is perfectly con- 
stant in the four well-marked specimens which are known; being in no sense a mere indi- 
vidual irregularity or abnormality, but representing a modification of pentamerous symmetry 
in a definite way. The anterior and two posterior rays are enormously enlarged, so that they 
constitute about five-sixths of the brachial equipment—the two antero-lateral rays being 
dwarfed to a condition of relative unimportance. This may be seen as to the proportional 
size of these rays at the base by comparison of figure te, from the large anterior ray, with 
figure 1a, showing the right anterior ray of the same specimen, scarcely more than half the 
size. Figure 2a also gives a good idea of the disproportion between the right anterior ray 
and the adjacent anterior and right posterior rays which completely overshadow it. This 
disproportion is, however, really much greater than the mere difference in the width of the 
primibrachs at the base of the respective rays would indicate; for the two smaller rays in 
every case are folded under the larger ones, and evidently had little chance to grow. The 
result is shown best of all by the figure of another specimen in which the five infolded rays 
are seen at one view (fig. 4b). Each of the large rays has by its bifurcations produced four 
main branches, each fully equal in size to either of the two smaller rays, so there can be no 
doubt that when fully spread out the combined food-gathering surface of the three large rays 
would be at least five or six times that of the two smaller ones. 

This kind of irregularity in the rays has not been observed before among the Crinoidea 
Flexibilia, although it is not an uncommon occurrence in the Camerata, as evidenced by the 
varying number of arm openings. The mode of variation does not seem to follow any fixed 
rule, except that the increase in number usually occurs first in the posterior rays and after- 
ward in the lateral; the anterior ray usually remaining the longest unchanged. In Agarico- 
crinus, where the simplest form has two arms to each ray, we find successive modifications in 
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four stages by addition as shown in the following table, the upper line representing the pos- 
terior rays and the lower the anterior: 


AF) 38} 


In Dizygocrinus similar modifications occur, the lesser number usually remaining in the 
anterior ray. In most of the Devonian species of Megistocrinus, however, the anterior ray 
participates in the increase, producing an irregularity similar to that of the present genus, 
the 16 arm openings being distributed thus: 
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This subordination of the lateral rays is really a primitive condition relating to the cystids, and 
is well shown in the remarkable cysto-crinoid genus Hybocystis, in which the lateral rays do 
not develop any arms, but instead are provided with recurrent ambulacra. In certain Inadu- 
nate genera, Pachylocrinus, Scytalocrinus, etc., the anterior ray frequently remains simple 
while the others bifurcate ; and in some, e. g. Atelestocrinus, it is suppressed altogether. 

In all the foregoing cases the equality or predominance of the posterior rays has been 
maintained, and it would seem as if this were in accordance with a fairly general rule. But 
by way of further extension of the catalogue of variations, there remains for mention the most 
curious example of all, where in an isolated species. at the close of the Lower Carboniferous 
the case of Cholocrinus is exactly reversed,—the two posterior and the anterior rays being 
degenerate while the lateral rays are enlarged to double their size. This was described by 
Whitfield + in r891 as Cyathocrinus maxvillensis from three specimens found in the Kaskaskia 
group. I have a much more perfect specimen from Grayson County, Kentucky, in the collec- 
tion of the late Col. S. S. Lyon, who had prepared a description and figure of it under one of 
his favorite hyphenated names, Poteriocrinus brachialis-irregularis (it is a Poteriocrinoid, 
not Cyathocrinus). In this specimen the two enlarged lateral arms are preserved to their 
full length; they are long, ponderous, and simple, while the two posterior rays bifurcate on 
the first primibrach into a pair of short and delicate arms about half as long as the others. 
The occurrence of this peculiarity in four specimens from two distant localities removes it 
from the category of abnormality, and proves it to be a definite structure. 

Aside from the inequality of the rays, Cholocrinus is interesting for the extreme irregu- 
larity of the heterotomy, the ramules being of various sizes, about four to the ray, and not all 
on the same side of the dichotom; they are at various intervals, sometimes succeeding each 
other on the same side, and sometimes alternating ; and they in turn divide again irregularly. 

Interest also attaches to the discovery of the tegmen in one of our specimens of Cholo- 
crinus obesus, viz., the original of Angelin’s plate 26, figure 6, already mentioned as affording 
a distal view of the arms. This specimen consists only of the rays, from which the dorsal 
part of the calyx is broken away leaving the inner floor of the tegmen exposed (PI. IX, 
fig. 4d) ; it is of the usual general type for this group, but has very strong ambulacra, some- 
what like those of Onychocrinus, and is considerably different in detail from the tegmen of 
Synerocrinus and Taxocrinus. 

Only the one species is known. 


*Ann. New York Acad. Sci., vol. 5, p. 577, pl. 13, figs. 5-8. 
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Cholocrinus obesus (Angelin) 
Plate IX, figs. 1-4 


Forbesiocrinus obesus Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 21, fig. 18, not fig. 21, nor pl. 28, 
figs. 2, 3. 

Lithocrinus obesus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 53. 

Cholocrinus obesus, Springer, Jour. Geology, XIV, 10906, p. 515. 

Forbesiocrinus divaricatus Angelin (in part), Icon. Crin. Sueciae, 1878, p. 9, pl. 26, figs. 6, 6a. 


Type of the genus. 

Specimens of moderate size. Crown elongate. Calyx well differentiated 
from the arms, with wide interbrachial spaces; conical, truncate below, com- 
posed of strong plates; spread of calyx from base to top of RR about 1 to 2.7; 
height to width, 1 to 1.5. Surface smooth or coarsely wrinkled. Maximum 
crown, 35 mm. high by 20 mm. wide; base, 8 mm. Column of small specimen, 
20 mi. long. 

IBB large, erect, visible as pentagons and forming a conical ring wider than 
column. BB large, about as wide as high. RA small; anal x large, widening 
upward with truncate and rounded distal margin. RR the largest plates in the 
calyx, with shallow facets half to two-thirds the width of the plates. [Br short 
and wide. Height of B to R to IBr, 3:3:1. IBr 2 to 5, the latter number appar- 
ently in right posterior ray only. Rays unequal, the anterior and two pos- 
terior greatly developed, the lateral small and relatively dwarfed; dividing into 
two main branches which divide again in the three larger rays, giving off branch- 
ing ramules at irregular intervals at either side of the dichotom; ray divisions 
rounded, long and heavy. The two smaller rays covered by the larger ones be- 
yond the second bifurcation. Column short and stout, with expanded encrust- 
ing root for attachment to other bodies; prominent rounded columnals project 
at irregular intervals for the greater part of its length, with several shorter and 
narrower ones intervening. Tegmen composed of finely plated perisome, with 
strong ambulacral plates. 


Among the irregularities in arm branching for which this species is notable may be men- 
tioned a peculiar difference in the two posterior rays. In the right, a small ramule is given 
off to the left (outer)side from IBr., while the main division takes place two or three plates 
beyond that ; in the left the main division is on IBr, as in the other rays, and the first outer 
ramule is given off at about the fifth plate above. This is constant in the two specimens in 
which these parts are well preserved. The figures are based upon four specimens already 
mentioned in the remarks on the genus; they are new and original drawings by Mr. Liljevall 
from Angelin’s types, two specimens since found, and the fragment of F. divaricatus—all 
from horizon (f) at Follingbo. Additional cleaning has brought out clearly the anal side in 
the type specimen of C. obesus, in which the posterior basal, incorrectly drawn in Angelin’s 
figure 2 on his plate 28, is plainly seen with its curved suture next to the radianal (Pl. IX, 
fig. 1c, and sketch 1d). 

Types. Inthe Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Follingbo, Island of Gotland. 
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ASAPHOCRINUS nov. gen. 
(acapys, indistinct; xpivor, lily) 
Plates IV and X, figs. 10-14 


Fic. 18. Asaphocrinus 


Lecanocrinidae with rays above radials separated by perisome only. Crown 
turbinate to elongate ovoid. IBB erect, forming part of calyx wall. Radianal 
rhombic, obliquely to lower left of right posterior radial. Anal x truncate or 
indented above, suturally united with both adjoining rays, and followed by 
others passing into a tube-like series. Interbrachial areas without definite 
plates and occupied by perisome. Primibrachs two, exceptionally one. Arms 
dichotomous, not abutting. Column of moderate size, usually enlarging at 
calyx, terminating in a branched root. 

Genotype. Asaphocrinus bassleri Springer. 

Distribution, Silurian, Niagaran, Rochester shales to Brownsport lime- 
stone; United States. 


This genus is proposed for the reception of certain well-marked Silurian species which 
in spite of superficial resemblance cannot be assigned to any hitherto defined. Its affinities 
are closest with Pycnosaccus and Gnorimocrinus. It differs from the former in the tube-like 
series following the first anal plate ; and from the latter in the fact that this anal plate is firmly 
united at both sides to the rays and thus incorporated into the calyx, and that the posterior 
basal is truncate instead of excavate ; this fact precludes reference to the Taxocrinidae. The 
large and erect infrabasals tend strongly to associate this form with the Lecanocrinidae, which 
in the typical species it further resembles in the large size of the radials, producing a rather 
well-differentiated calyx. 


LECANOCRINIDAE 175 


The genus embraces two forms from different horizons in the Niagaran Group which 
diverge rather widely in superficial appearance, both being intermediate as to family charac- 
ters, but concurring in the most essential of these characters. The first belongs to a numer- 
ously represented type from the Rochester shales at Lockport, New York, heretofore 
described under Lecanocrinus, from which it must be removed on account of the lack of 
lateral contact of the rays, and the presence in varying degrees of a perisomic integument 
between them. In this form the anal tube is but slightly developed, but its origin is indicated 
by a curious modification of the anal plate, which for a part or the whole of its length is out- 
wardly curved into a strong longitudinal ridge of the form and size of the tube plates which 
follow it. These are rarely more than two or three in number, and in many specimens where 
the posterior rays lie close together they are not visible. In many specimens also the inter- 
brachial perisome cannot be seen, owing to the narrowness of the areas and to the fact that 
the perisome is deeply imbedded. There is a marked gradation in this feature among the 
Lockport specimens, some having the areas fairly wide and the perisome readily distin- 
guished, leading up to the later Tennessee form in which it is very conspicuous. The New 
York form is represented by three species, all from the same horizon and locality, which may 
be only variants of a single prolific type. 

The genus culminated in a fine species recently discovered from the later Brownsport 
limestone of Tennessee, which I have taken as the type because in it all the generic characters 
are most fully developed. The interbrachial areas have become very wide, filled with strong 
perisome like those of Pycnosaccus, and with the increased space thus afforded the anal tube 
has become a prominent object. In both forms there is an evident tendency to modification 
of the anal structures in the direction of the Taxocrinidae, and as in the cases of Meristocrinus 
and Synerocrinus the genus stands near the border line. There is also in both a tendency to 
irregularity in the number of primibrachs, but this is only sporadic, the normal number gener- 
ally holding good. In the secundibrachs, however, there is a constant difference between the 
New York and Tennessee forms. 

The four species may be arranged as follows: 


Tue SpeEcIES oF ASAPHOCRINUS 


I. Anal tube slightly developed ; anal x curved into longitudinal ridge. 
I1Br 3 or more. 
Calyx not differentiated, low and rounded. 


iBr areas narrow, with little space for perisome. 
IRUR Saville tieeyn 18183, Wehr Inallkt ag lates AS IIR. 6saaccocbqccsua006 A. ornatus. 


Calyx not differentiated, more or less turbinate. 
iBr areas of medium width, exposing perisome. 


RR smaller than BB. [Br about half as high as RR............ A. excavatus. 
iBr areas narrow. 
IRUR llamar than 1818, IUBir sneiny WOWecoccocavccocccccgs00d000aKed A. incisus. 


II. Anal tube long and well-developed. 
IIBr 2 (ort). 
Calyx well differentiated. 


iBr areas wide, filled with strong perisome. 
INRGmuchWarcerthanes Bee erie ray arrieleearseracirs rere aie ce ele is A. bassleri. 
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Asaphocrinus ornatus (Hall) 


Plate IV, figs. . 1-22 


Cyathocrinus ? Hall, Nat. Hist. New York, Geol. 4th Dist. 1843, tab. 21, figs. 4, 4a. 
Lecanocrinus ornatus Hall, Nat. Hist. New York, Pal. II, 1852, p. 201, pl. 44, figs. 2a-m.—Wachsmuth 
and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40—Springer, Jour. Geology, XIV, 1906, 


p. 50I. 
Lecanocrinus nitidus Ringueberg, Bull. Buffalo Soc. Nat. Hist., V, 1886, p. 9, pl. 1, fig. 5. 


A variable species. Specimens small. Crown elongate, average height to 
width at [Ax about 1 to 1. Calyx low, cup-shaped, differentiated but little or 
not at all, spreading gradually to top of RR, where height to width in an average 
of ten specimens is 1 to 1.5. Side outline curved. Anal tube but slightly de- 
veloped. Surface in well-preserved specimens ornamented with fine pustules; 
this ornament is very rarely seen, most specimens appearing perfectly smooth. 
A maximum crown with arms extended is 23 mm. high by 12 mm. wide, and 
8 by 12 at top of RR; base at column facet, 3 mm. 

IBB fairly large, usually forming a low cup. BB large. RA small. Anal 
4 large, truncate or indented above, surmounted by a rounded, longitudinal 
ridge; followed by one or more plates in series continuous with the ridge, bor- 
dered by small plates at one or both sides which are not often exposed. RR rela- 
tively smaller than BB, not over twice the length of succeeding IBr. IBr 2, 
large. Height of B to Rto IBr, as 4:3:1.5. I[Br 3 to 5; I1IBr 5 to 10, followed 
usually by one more bifurcation. Rays rounded, with narrow open spaces be- 
tween them and their divisions for lodgment of perisome; diminishing rapidly 
and rather suddenly beyond the third bifurcation into fine, threadlike terminals. 
Column strong and short, terminating in a branching root for attachment to 
other bodies; it tapers very gradually from the calyx to the end; a few proximal 
columnals are usually thin and tapering, especially in young specimens, followed 
by strong alternation of long curved ossicles with shorter ones, all becoming 
uniform half way down. 


Hall described this species from the Rochester shale at Lockport in 1852, and called 
attention to the difference in habitus of the rays and arms from that of his other species of 
Lecanocrinus. Dr. Ringueberg afterwards found a number of better specimens in the same 
shale, from among which he described three species, viz., L. mitidus, L. excavatus, and 
L. incisus. All this material is now in my possession, reinforced by further accessions from 
my own collections since made, amounting to a total of about 60 specimens in various posi- 
tions from those with arms closely folded to widely spread. All are from a small area in the 
same horizon as the type—the lower part of the shale—and with slight variations largely due 
to difference in the manner of preservation and maturity of the specimens there is a general 
similarity of habitus. Many of them are more or less flattened, but a restoration of Hall’s 
principal type, made from the specimen by accurate measurements, gives a contour about the 
same as that of figures 20 and 21 of Plate IV, which are but little compressed. Some have 
the arms folded at about the third bifurcation, and others have them extended, which gives 
them a different appearance but the essential characters remain the same. I am unable to dis- 
tinguish the type of L. nitidus (Pl. IV, fig. 22) from average specimens of L. ornatus. The 
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other two species shade into the latter by rather close transitions, and all three may represent 
merely the variations of a single prolific species flourishing abundantly under favorable 
conditions. : 

I have figured one of Hall’s types and all of Ringueberg’s, and besides these an excellent 
selection of specimens showing all the variations in-age and condition. Throughout them 
all will be seen the same peculiar anal plate, suturally connected with adjacent plates, but with 
its incipient longitudinal ridge continued by one or two similarly rounded small plates, mark- 
ing the change toward the Taxocrinus plan. The sudden contraction of the arms just beyond 
the third bifurcation is peculiar; after that they pass into finials of extraordinary thinness 
(fig. 17). In further cleaning the type of L. nitidus I was much puzzled to find a structure 
resembling pinnules between the slender arms ; but this finally proved to be a minute and per- 
fect specimen of Homocrinus parvus entangled among the rays of the larger crinoid; the 
entire crown, including calyx and complete arms, is only about 11 mm. long (PI. IV, fig. 22). 
As to surface ornament, this is so much dependent on the preservation and is so rarely seen 
that it is useless here for specific characters ; as usually found the specimens are smooth. 

The narrow interbrachial spaces, less developed anal tube, and greater number of 
secundibrachs, distinguish this species at a glance from A. bassleri. 

Types. One of Hall’s L. ornatus, figure 1, is in the Cornell University Museum; the 
other, figure 2, in the American Museum of Natural History, New York. Those of L. nitidus, 
and the other specimens herein figured, are in the author’s collection. 

Horizon and locality. Silurian, Niagaran, from the Homocrinus band in the upper part 
of the lower third of the Rochester shales ; Lockport, New York. 


Asaphocrinus excavatus (Ringueberg) 
Plate IV, figs. 23-29 


Lecanocrinus excavatus Ringueberg, Bull. Buffalo Soc. Nat. Hist., V, 1886, p. 11, pl. 1, fig. 7—Springer, 
Jour. Geology, XIV, 1906, p. 501. 


Similar to A. ornatus, but with wider interbrachial areas in which the peri- 
some is often readily traced; the specimens are usually larger. The calyx is 
fairly well differentiated in typical specimens, and is usually rather more turbi- 
nate than rounded; height to width at RR, 1 to 1.4; the infrabasals are more 
protuberant, forming a short cone. Height of B to R to [Br is as 4:3:2. 


In all these particulars except the last, the species represents an intermediate stage be- 
tween A. ornatus and A. bassleri; in some specimens, such as Plate IV, figures 27, 28, 29, with 
the interbrachial perisome distinctly shown in fairly wide areas, and the rather prominent 
infrabasal cone, the facies is strikingly similar to that of the Tennessee form. The transition 
from ornatus is very gradual, and with many intermediate specimens in the collection the dis- 
tinction is uncertain. A maximum crown is 29 mm. high by 13 mm. wide; base 3 mm.; at 
top of RR, 9 by 12 mm.; spread of calyx from base, 1 to 4 mm. 

Types. In the author’s collection. 

Horizon and locality. Silurian, Niagaran, from the Homocrinus band in the upper part 
of the lower third of the Rochester shales ; Lockport, New York. 
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Asaphocrinus incisus (Ringueberg) 
Plate IV, fig. 30 


Lecanocrinus mcisus Ringueberg, Bull. Buffalo Soc. Nat. Hist., V, 1886, p. 10, pl. 1, fig. 6.—Springer, 
Jour. Geol. XIV, 1906, p. 50I. 


Similar to A. ornatus, but of more robust facies, and with calyx well 
differentiated by reason of the relatively much larger radials, smaller basals, 
and shorter primibrachs. Height of B to R to IBr is as 3:6:1.5. The calyx 
spreads less broadly, the height to width at top of radials being I to 1.1; and 
the arms are heavier and shorter. Crown of type specimen is 1g mm. high; 
TI mm. wide at RR; base, 3 mm.; this specimen has but one primibrach in two 
of the visible rays, and in another specimen not figured the anterior radial is an 
axillary, supporting two rays about as large as the others. 


This form is rare, and may be only a sporadic variation in the large colony. 

Types. Inthe author’s collection. 

Horizon and locality.. Silurian, Niagaran, from the Homocrinus band in the upper part 
of the lower third of the Rochester shales ; Lockport, New York. 


Asaphocrinus bassleri n. sp. 
Plate X, figs. 10-14 

Type of the genus. oe 

A large species, suggesting a cross between Pycnosaccus and Gnorimo- 
crinus. Crown about as wide as high, obconical, broadly spreading from base to 
the level of infolding about the fourth bifurcation. Calyx well differentiated, 
turbinate or with slightly curved sides; height to width at top of RR, 1 to 1.8; 
spread from base, 1 to 3.1. Anal tube long, with a strong dorsal series of plates 
bordered by perisome. Surface smooth. In a mature specimen the crown is 
28 mm. high by 26 mm. wide at the distal margin of infolded arms; calyx at top 
of RR, 8 mm. high by 14 wide; base, 5 mm. 
_IBB well developed, erect, forming a strong cone. BB much larger, slop- 
ing rapidly outward; post. B truncate, followed by large anal x, which is without 
longitudinal curve or ridge. RR twice as large as BB, wider than high; facet 
for [Br considerably narrower than distal face, leaving strongly sloping should- 
ers under the 1Br areas, which are filled with an integument of plates larger than 
usual in perisome, yet without definite arrangement. IBr short and wide, vary- 
ing from 2.to 1.in the same specimen. Height of B to Rto IBr, as 3.5: 5: 2.5. 
IIBr usually 2, broad and often flat, and nearly as large as IBr. IIBr and 
IVBr variable in number, usually about half the size of those preceding, with 
one nearly equal bifurcation beyond. Column cylindrical, much narrower than 
the infrabasal disk, not enlarging at the calyx; composed of short, irregularly 
alternating columnals for a considerable distance downward, beyond which they 
become longer and uniform. 
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This species is represented by six good specimens, five of which are figured; they 
thoroughly exhibit its characters and its irregularities. The anal tube is more or less dis- 
placed in most of them, but is best seen in its entirety in Plate X, figures 12, 13. Figures 100 
and 14 show better the truncate posterior basal and the large first plate, anal , with its sutural 
connection at each side. There is a strong tendency to reduction in the number of. primi- 
brachs, as in Lecanocrinus and Pycnosaccus, three out of the five specimens having but one in 
one or more rays. The two-secundibrach feature found to some extent in Pycnosaccus 
nodulosus and Gnorimocrinus varians is substantially constant throughout the specimens, 
with occasional reduction to one. The perisomic integument of the regular interbrachial 
areas is composed of more substantial plates than usual in this structure ; they seem in places 
to be connected by definite sutural faces, but are without any regular arrangement such as 
would suggest calling them interbrachials. The fine specimen shown by figure 11 is abnormal 
on the opposite side, lacking the left anterior ray, apparently from injury during life. An 
abnormal specimen of Gnorimocrinus expansus, Plate XLVII, figure 5, has the anal side 
almost the same as in this species, but lacks the other characters ; and it shows by what close 
intermediate stages the two genera are related. 

The specific name is proposed as a slight acknowledgment of the cordial co6peration in 
my work which I have at all times received from Dr. Ray S. Bassler, Curator of Paleontology 
in the U. S. National Museum. 

Types. In the author’s collection. 

Horizon and locality. Silurian, Upper Niagaran, Brownsport limestone; Decaturville, 
Decatur Co., Tennessee. 
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PYCNOSACCUS Angelin 
Plates XI-XIII 


Pycnosaccus Angelin, Icon. Crin. Sueciae, 1878, p. 13—Von Zittel, Handbuch Palaeontologie, I, 1879, 
p. 356;°Grundziige Palaeontologie, 1895, p. 138—-Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. I, 1879, p. 41; Proc. Acad. Nat. Sci. Philadelphia, 1890, p. 388.—Zittel-Eastman, 
Textbook Paleontology, 1896, p. 164 (2d Ed., 1913, p. 203).—Weller, Jour. Geology, VI, 1808, 
p. 700; Bull. IV, Chicago Acad. Sci., pt. I, 1900, p. 149——Bather, Rep. British Assoc. for 1808 
(1899), p. 923; Geol. Mag., (4) VIII, Aug., 1901, p. 378; Treatise on Zoology (Lankester), pt. 3, 
1900, p. 187.—Springer, Amer. Geologist, XXX, 1902, p. 94; Jour. Geol., XIV, 1906, p. 484. 

Oncocrinus Bather, Ann. and Mag. Nat. Hist., (6) V, 1890, pp. 331, 332; Treatise on Zoology (Lankes- 
ter), pt. 3, 1900, p. 187. : 


Fic. 19. Pycnosaccus 


Lecanocrinidae with rays above radials separated by perisome only. Crown 
short, calyx well differentiated. Infrabasals erect, taking part in calyx wall. 
Radianal rhombic, obliquely to lower left of right posterior radial, resting on 
basals. Large anal x followed by perisome. Interbrachial areas filled with 
integument of small plates passing up into the tegmen. Primibrachs varying 
from one to four, the first not filling distal face of radial. Rays arching over 
interbrachial areas, but not in close contact. Arms dichotomous, divergent. 
Column not enlarging proximally. : 

Genotype. Cyathocrinites scrobiculatus Hisinger. 

Distribution. Silurian to Devonian; Sweden, England, the United States 

and Canada. 


Pycnosaccus, although a perfectly well-defined genus, has not been understood hereto- 
fore owing to misinformation as to its real structure. Wachsmuth and Springer considered 
it a doubtful subgenus under Lecanocrinus, there being nothing in Angelin’s description or 
figures to distinguish it from that genus except the presence of two primary radials (1. e., 
one IBr) instead of three, and even on that point it was noted that Lecanocrinus sometimes 
shows the same number. Von Zittel (Handbuch Pal., 1879) followed Angelin’s diagnosis. 
Bather (Lankester’s Treatise on Zool., pt. 3, p. 187) placed it under the Ichthyocrinidae as 
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Impinnata with no iBr along with Lecanocrinus and Ichthyocrinus, following Angelin whose 
figures of apparently perfect specimens showed neither interbrachials nor any space for their 
accommodation. In fact the principal figures of both his species are restorations and incor- 
rect, especially that of the type species, P. scrobiculatus (Icon. Crin. Suec., pl. 15, figs. 10, 
11). Instead of having the rays rather closely abutting as in his figures 11, 12 and 14 on 
plate 15, the first primibrach does not fill the distal face of the radial, but leaves shoulders on 
either side, above which there is a considerable space between the rays. One of the specimens 
in the Riks Museum examined by Mr. Liljevall shows at the inner margin of this space dis- 
tinct traces of the articulation of small plates, both in the regular interbrachial areas and 
above the anal plate (Pl. XI, figs. gc, d). 

After receiving these drawings, and having seen the nearly perfect specimen in the © 
British Museum: with its wide spaces between the rays above the shoulders of the radials 
(Pl. XII, figs. toa, b), 1 concluded that these large interbrachial spaces must have been occu- 
pied by an integument of small plates, although they had never been seen, and upon that 
ground assigned the genus to a definite place in the group now called Sagenocrinidae.t_ This 
interpretation of the structure was soon afterward definitely confirmed in an unexpected 
quarter. Up to that time, with the exception of an imperfect specimen described by Weller 
from the Niagaran of Chicago, our knowledge of the genus was derived from the few 
specimens found in Gotland and England. It was.therefore with no little satisfaction that I 
found among the collections made for me by Pate from the Niagaran limestone of western 
Tennessee a number of fine specimens of Pycnosaccus, some of them having the interbrachial 
areas perfectly filled with small plates. The structure of these areas is delicate and fragile as 
compared with the massive calyx plates and generally robust arms, but it is perfectly pre- 
served in place in several specimens (Pl. XII, figs. 2a, b, 3a, b), and in one of them some of 
the small plates are surmounted by sharp nodes (figs. 3a, b). 

Owing to the absence of definite plates in the interbrachial areas there is a distinct line of 
demarcation between calyx and arms, which gives to this form an entirely different habitus 
from any of the preceding, and indeed from most of those in the entire group. Thus under- 
stood, the genus stands widely distinct from those with which it has been associated, the only 
near approaches to it being the anomalous genus Cholocrinus, which has a closely similar 
calyx but an entirely different brachial structure, and its Carboniferous successor, Niptero- 
crinus. Even with the calyx alone it is readily distinguished from Lecanocrinus by the charac- 
ter of the radial facets. As in that genus there is a tendency to irregularity in the number of 
primibrachs, which is utilized as a specific character although not very reliable or sharply 
defined. 

The type species, P. scrobiculatus, was described from the calyx alone without any arms 
or brachials attached, and Angelin’s subsequent figure (pl. 15, fig. 11) being as already stated 
an imaginary restoration as to the arms, was without authority in representing it with a 
single primibrach. The species is recognized in typical specimens, mostly from Klintberg, 
horizon f, by its prominent ridges on the calyx plates. On one of these Mr. Liljevall found a 
primibrach in place on two of the rays (PI. XI, figs. 6a, b) but on neither is it an axillary, thus 
showing that the species may have more than one primibrach. He also found in the Riks 
Museum a well-marked but unusually large specimen from Wisby, probably of the same 
horizon, with three rays partly intact, having two primibrachs in two of them and one in the 
third (Pl. XI, fig. 7). -From these two specimens it may be concluded that two primibrachs 
is the general rule in this species. This is reinforced by the peculiar condition of these parts 
in P. nodulosus, a smaller Gotland form scarcely distinguishable from the former. Out of 
three specimens with arms one has a single primibrach all around, but the other two have in 


* Journal of Geology, vol. 14, 1906, pp. 484, 517. 
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most of the rays a normal sized axillary, and beneath it a short, thin plate which may be con- 
sidered an immature or suppressed primibrach (Pl. XI, fig. 11a). 

In the English form, otherwise very similar to some forms of the type species, and 
another closely related species from Tennessee, the number of primibrachs is constant at one 
in at least 15 specimens. But the Tennessee collections have yielded a thoroughly distinct 
species having three and four. In another Gotland specimen which I consider an abnormal 
P. nodulosus there is another irregularity similar to one of those noted in Lecanocrinus; the 
radianal appears in primitive position under the right posterior ray, and the anal » has been 
pushed out of the calyx, being represented by two or three small plates above the level of the 
radials (Pl. XI, fig. 160). 

Pycnosaccus is notable as being one of the genera which lack the characteristic enlarge- 
ment of the upper part of the column so common in this group; the stem is constructed very 
much like that of Lecanocrinus. Thanks to Mr. Liljevall’s skillful preparation, we are able to 
add this to the list of genera in which the structure of the tegmen is known. His fine draw- 
ings from a specimen of P. nodulosus show it to be of the general type for the group—a 
plated perisome traversed by ambulacra; as might be expected in such small specimens this 
is very delicate, the ventral side as shown at the inrolled portion of the arm (Pl. XI, fig. 150) 
being covered with the smallest imaginable plates; the central part with the orals is not 
preserved. ; 

The known stratigraphic range of Pycnosaccus has been increased by the discovery of a 
species from the Keyser beds of West Virginia, belonging to the earliest Devonian; and also 
of an imperfectly known species from the Middle Devonian of the Mackenzie River basin 
in Canada.t The genus is well distributed geographically, being found in Gotland, England 
and America. P. costatus, founded by Angelin on a very small specimen which cannot be 
found, is clearly a young P. scrobiculatus. Weller’s imperfect P. americanus, from the 
Niagaran beds at Chicago, is of the same type. Lecanocrinus calyculus, from the Niagaran 
limestone of New York, proves to belong to this genus, as well as a somewhat similar speci- 
men with unusually heavy plates from Chicago, figured by Weller as Lecanocrinus waukoma. 
Arachnocrinus canadensis Whiteaves, from the Devonian of the Arctic region, should also be 
placed here. Including these and P. dubius of doubtful generic position, there are 10 species, 
which may be arranged as follows: 


THE SPECIES OF PYCNOSACCUS 
I. IBr usually 2. 
Crown usually small. 
Calyx turbinate. 
Calyx angular with sharp ridges connecting centers of plates, 
and pits at angles where the 3 sutures meet. 
IBr moderately wide, arms round. 


Base broad, but not projecting. - 
Amalie broadeandntitin cate eanenen titer tein P. scrobiculatus. 


Calyx ridges obscure. 
IBr wide, arms heavy. 


Anal # narrow and pointed.................. Sees lake eke P. nodulosus. 
Calyx smooth, plates without median elevation ; no calyx ridges. 
TB yr eee Bi ate RR ee Sone earn See cet oealaee teen ae P. calyculus. 


*And it has been still further increased in the opposite direction by the acquisition too late for 
description herein of specimens of a new species from St. Paul, Indiana, thus carrying the genus back 
to the Laurel formation. ; ae ; as i eco 
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Il. IBr 1. 
Crown usually large. 
Calyx turbinate. 
Calyx ridges sharp and narrow, no pits at angles, plates fairly thick. 
IBr moderately wide, arms rather angular. 


R facets often raised, with slight marginal rim. 
Base narrow; lower part of IBB contracted.................. P. patei. 


Calyx ridges broad and rounded ; shallow pits at angles ; plates massive. 
IBr rather wide; arms round and heavy. 


R facets not elevated and without rim. 
Basey wad cel Benotcomtractederr ry tirisrliii rie ilri P. bucephalus. 


Calyx ridges obscure ; no pits at angles. 
IBr narrow—two-fifths the width of R. 
Arrin ses] encenyeno umd €dciva cea tras) sisuscs csanene eastoversloro ravens P. tenuibrachiatus. 
III. IBr 3 or more. 
Crown small. 
Calyx low, hemispheric, without ridges or pits. 
IBr moderately wide; arms relatively much longer than 
INGOLWETES PE Cle Swain wy Nea ets ak ceiners eis tersiiere renner RChve eu enetoraneieteane P. welleri. 


Species Imperfectly Known 
IBr unknown. 
Calyx ridges present. 


IBBivenyplarce:scalyxgturbinateeemreeri cori ieeiereeeine P, americanus. 
IBB small} largely hidden by the column’. 2555.60.52 -. ose P. canadensis. 
Column tapering gradually from calyx; surface smooth.............. (?)P. dubius. 


Pycnosaccus scrobiculatus (Hisinger) 
Plate XI, figs. I-10 


Cyathocrinites scrobiculatus Hisinger, Lethaea Suecica, Supp., II, 1840, p. 6, pl. 30, figs. 4a, b, c; 
Anteckningar i Physik och Geog., pt. 7, 1840, p. 45——Bather, Ann. and Mag. Nat. Hist., (6) V, 
1890, pp. 387, 388; Crinoidea of Gotland, 1893, p. 12. 

Pycnosaccus scrobiculatus, Angelin, Icon. Crin. Sueciae, 1878, p. 14, pl. 15, figs. 10, 11—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 4I. 

Pycnosaccus ? castatus Angelin, Icon. Crin. Sueciae, 1878, p. 14, pl. 15, fig. 13. 


Type of the genus. 

Specimens generally small. Calyx turbinate, with straight sides, wider 
than high; average height to width about 1 to 1.6; base broad and truncate, 
spread from base to top of R, 1 to 2.8. The calyx plates are strong, marked by 
sharp, elevated neural ridges passing from below the radial facets to centers of 
basals, and from there diverging again to the infrabasals, usually also hori- 
zontally from center to center of radials; these ridges divide the surface into 
large triangular and rhombic areas with their angles at the centers of the 
plates, leaving depressions in the middle of these areas where three sutures meet. 
Calyx of size usually found, about 14 mm. high by 23 mm. wide; base, 8 mm.; 


an unusually large specimen is about 18 mm. high by 30 mm. wide in a flattened 
condition. 
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IBB large, visible as pentagons in side view. BB usually higher than RR. 
RA quadrangular. Anal x wide, truncate above. Radial facets moderately 
wide (to width of R as 1 to 1.8) leaving sloping shoulders for the iBr areas. 
IBr usually 2; I[Br few, usually 2 or 3. Arms round, fairly thick. Column 
unknown, but must have been quite large. 


The elevated ridges or costae were made by Angelin the principal character both of the 
genus and species. As compared with other species in which they occur this is usually 
peculiar in having a horizontal ridge passing from one radial to another (the radial com- 
missure). It is interesting to note that in one Gotland specimen not from the same locality as 
the others (Pl. XI, figs. 9a, b) the transverse ridge is wanting, and also the depressed areas at 
the juncture of the suture lines—the specimen in these respects as well as in the general 
appearance resembling those from Tennessee. The specimen showing the principal arm 
structure (fig. 7) is much larger than the others, but it is otherwise characteristic. 

Angelin’s P. costatus was probably a young individual of this species, with a higher 
calyx and more numerous costae. The figure is shown to be about two and one-half times 
enlarged, but the specimen cannot be found. 

Types. Those of Angelin’s figures and the others figured herein are in the Riks Museum. 
Of Angelin’s there is only the original of his plate 15, figure 10o—his other figure being a 
restoration. 

Horizon and locality. Silurian, Wenlock Group, horizon f; mostly from Klintberg and 
Lau, some from Wisby—and perhaps from horizon d at the last locality—Island of Gotland. 


Pycnosaccus nodulosus Angelin 
Plate XI, figs. I1-16 


Pycnosaccus nodulosuws Angelin, Icon. Crin. Sueciae, 1878, p. 14, pl. 15, figs. 12, 14; pl. 28, fig. 29.— 
Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 41—Bather, Ann. and Mag. 
Nat. Hist., (6) V, 1890, p. 387. 


A very small species, having little to distinguish it from the preceding ex- 
cept the greater height of RR and width of the radial facet, and the fact that the 
anal plate is acuminate instead of truncate. The proportionate height of IBB 
to BB to RR is 1:5:6; width of radial facet to the width of radial is about as 
I to 1.2, the result being that the interbrachial spaces are very narrow. The 
irregularity in the number of [Br, and the tendency to take on a second one by 
the intercalation of a very thin or short rudimentary plate beneath the axillary 
(Pl. XI, fig. 11a), has been mentioned in the generic discussion. The costae, 
while obscure, are plainly in evidence. Angelin gave as the only specific char- 
acter that the arms are nodulose, but specimens as now prepared and figured 
show nothing of this beyond the mere convexity of small arm plates. The 
column, not known in P. scrobiculatus, is well preserved in this species; it is 
large, composed of wide rounded columnals regularly alternating with narrow 
ones, without any taper near the calyx. 
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I have figured under this species a peculiarly abnormal specimen, which otherwise could 
not be assigned to any known genus (PI. XI, figs. 16a-c). In general appearance of the arms 
and calyx it is similar ; and if we treat the lower plate in the right posterior ray as the radianal 
separated from the anal and developed in its primitive position, while the anal plate is crowded 
upward beyond the level of the radials, the structure may be consistently interpreted. We 
have already seen similar abnormalities under Lecanocrinus. 

Types. Inthe Riks Museum. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Follingbo, Island of Gotland. 


Pycnosaccus calyculus (Hall) 
Plate XIII, figs. 6-9 - 


Lecanocrinus caliculus Hall, Nat. Hist. New York, Pal., II, 1852, p. 203, pl. 46, figs. 3a, b—Beyrich, 
Monatsber. Akad. Wiss. Berlin, Feb., 1871, p. 46 (Transl. in Ann. and Mag. Nat. Hist., (4) VII, 
p. 404. 

Lecanocrinus calyculus ? Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40. 

Lecanocrinus waukoma Weller (part) [not Hall], Bull. IV, Chicago Acad. Sci., pt. 1, 1900, p. 148, 
pl. 15, fig. 11 (not figs. 6-10). 


A small species; with calyx evenly curved, and not marked by any ridges or 
pits, but perfectly smooth. It has a wide anal plate slightly rounded distally, 
projecting somewhat above the line of radials, and in that respect resembling 
Lecanocrinus, under which it was described. But the arms, though wide, are 
distinctly rounded and not abutting, thus leaving open interbrachial spaces 
which could not have been occupied by any plates suturally united to the rays, 
but only by the perisomic integument characteristic of this genus. It has fairly 
large IBB; [Br 2; [1Br 2 or 3. Arms well rounded. Column strong at the 
calyx, with well rounded nodals and short internodals, and a very gradual taper 
distally. 


This species was described by Hall from a calyx only, which he erroneously states was 
from the shales at Lockport, New York. His specimen (PI. XIII, fig. 6) has all the appear- 
ance of a limestone fossil, and this is confirmed by the discovery of my two specimens of pre- 
cisely the same appearance figured along with it. They are derived from the upper Niagaran 
(Lockport) limestone, above the shales—a horizon perhaps equivalent to the Racine dolomite 
of the western Silurian. The fine specimen with arms and stem supplies the details which 
were unknown to Hall; while somewhat less spreading in the calyx, it agrees perfectly with 
the other two in the relative proportions of the basal and radial plates. 

The specimen referred by Weller to Lecanocrinus waukoma, from the dolomite of 
Chicago, Plate XIII, figures ga, b, is probably a massive variety of this species. 

Types. Hall’s figure 3a is in the American Museum of Natural History, New York. 
The other specimens now figured are in the author’s collection. 

Horizon and locality. Silurian, Niagaran, Lockport limestone; Lockport, New York. 
Racine dolomite, Chicago, Illinois. 
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Pycnosaccus patei n. sp. 
Plate XII, figs. 1-9 


Specimens averaging large. Calyx somewhat similar to that of P. scrobicu- 
latus, but slightly higher, less sharply angular, the side outline curved instead of 
straight; there are no pits or depressions at the junction of sutures; the costae 
are more delicate and usually lack the horizontal ridge connecting the radials. 
There is a decided and constant difference in the form of the base, which instead 
of being broad and truncate is narrow, and the lower part of the infrabasal ring 
is contracted into a neck projecting downward but little larger than the column; 
on account of this narrow base the spread of the calyx to top of radials is far 
greater than in the type species, being on an average in 10 specimens about 
1 to 4. A well-proportioned mature specimen with arms folded measures: 
crown, 38 mm. high by 29 mm. wide at top of RR; base at IBB neck, 7 mm. 

IBB fairly high, erect, lower part forming a cylindrical rim. R facets nar- 
rower than in P. scrobiculatus, the average width to that of R being 1 to 1.7; 
they are somewhat elevated above the general margin of the radials, leaving 
rather sloping shoulders, and usually having a slight projecting rim along the 
entire margin of the radials, which perhaps takes the place of the transverse 
ridge in the Swedish species. IBr 1; I[Br 3 or 4. Arms moderately strong, 
usually somewhat angular at the back. Column relatively small, about one-fifth 
the width of calyx at top of RR, and of less diameter than the infrabasal rim; 
composed of strong rounded columnals with smaller ones interposed somewhat 
irregularly. 

This species is represented by a series of 15 specimens in fine preservation, collected for 
me by Pate during his quarrying operations near Decaturville, Tennessee, in the summers of 
1906 and 1907. They were deposited in a very fine-grained shaly clay favorable to the preser- 
vation of structural details, but the fossils are all changed into flint of various colors. In 
associating the name of Professor Pate with this notable species, I wish to record my appre- 


ciation of one of the finest pieces of systematic and scientific collecting that has ever come 
under my observation. 

There is no such instability in the number of primibrachs in this series as in those of 
Gotland. In the whole series of specimens, all of which have the arms preserved, there is 
not a single variation from the single axillary plate following the radials. One peculiar 
feature in this form not very well shown by the figures is an asymmetry in the calyx of many 
specimens by which the column facet is pointed slightly out of the vertical axis, somewhat as 
is seen in Ichthyocrinus corbis. In this case the inclination seems mostly toward the posterior 
side, that being a little shorter and less convex than the anterior. In such a strong calyx as 
this such a distortion would not be due to gravity ; but I have no explanation for it. 

Types. Author’s collection. 

Horizon and locality. Silurian, Niagaran Group, Brownsport limestone, Beech River 
formation; near Decaturville, Decatur Co., Tennessee. Since these descriptions were pre- 
pared a species has been discovered in the Laurel limestone at St. Paul, Indiana, closely 
allied to this but much more delicate in size and sculpturing. 
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Pycnosaccus bucephalus (Bather) 


Plate XII, figs. 10-11 


Oncocrinus bucephalus Bather, Ann. and Mag. Nat. Hist., (6)V, April, 1890, p. 334, pl. 14, fig. 31; 
ibid., May, p. 387. 


A large and robust species. Similar to P. scrobiculatus, but with more 
massive crown and heavier arms. Calyx more rotund, without sharp angles, 
with costae much broader and rounder, and no ridge connecting RR; it is some- 
what lower proportionally—height to width in two specimens being about 1 to 
1.8; spread of calyx from base to top of RR, 1 to 3. Maximum crown, 40 mm. 
high by 30 mm. wide; base, 10 mm. 

5 yi ) b) 

IBB low, nearly flat, not contracting above column facet. R facets wide, 
their width to that of Ras 1 to 1.55; but little elevated and without projecting 
rim. [Br 1; IIBr 2 or 3, and sometimes one. Arms heavy, rounded. Column 
very large, almost as wide as the infrabasal ring; composed of strong, rounded 
columnals, with shorter and narrower ones irregularly interposed. 

This species was named by Dr. Bather without description as the type of his proposed 
genus Oncocrinus, which he afterward placed as a synonym under Pycnosaccus (Lankester’s 
Zoology, pt. 3, p. 187), and the specimens upon which it was founded have been courteously 
placed by him at my disposal. These consist of two fine individuals from Dudley, originally 
in the collection of John Gray and now in the British Museum, which are to my knowledge the . 
only ones found. The species agrees with P. pate: in having uniformly one primibrach, but 
has a much broader base and larger column, entirely lacking the contraction of the infra- 
basals so characteristic of that species. It is in every way more robust, the calyx ridges 
stronger, and the arms heavier and rounder. It is, of course, closely related to that as well as 
to the Swedish species—the three being from closely correlated horizons, and doubtless 
representing merely changes due to migration. One of the specimens has an asymmetry of 
the calyx similar to that mentioned under P. patei. 

Types. In the British Museum. 

Horizon and locality. Silurian, Wenlock Group; Dudley, England. 


Pycnosaccus tenuibrachiatus n. sp. 
Plate XIII, figs. 1-2 

A medium-sized species, resembling P. patei, but with more delicate and 
slender arms. Calyx of about the same proportions, but appearing higher 
because the arms do not extend quite so high up; base broader, spread of calyx 
from base to top of RR, 1 to 3. Side outline curved; ridges obscure. Maximum 
crown 26 mm. high by 20 mm. wide; base, 7 mm. 

IBB low, not contracting above column facet. R facets very narrow, their 
width to that of R as r to 2.5; not elevated, shallow and but little indented ; distal 
margins of RR almost perfectly straight. JBr 1; I]Br 2 and 3. Arms round, 
very short and slender. Column unknown. 


This species, from a higher horizon than any of the preceding, is one of the two latest 
representatives of the genus, bringing its range into the Devonian. It is well distinguished 
13 
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from any of the others by the delicacy of the arms, and by the other details given. Figures 
ta, b show a specimen in which the surface markings are somewhat obscured ; that of figure 2 
has the ridges very sharp and is strikingly similar to some specimens of P. pater, but the form 
of the infrabasal ring will separate them. 

Type. Author’s collection. 

Horizon and locality. Devonian, Keyser formation of the Helderbergian ; Keyser, West 
Virginia. 

Pycnosaccus welleri n. sp. 


Plate XIII, figs. 3-5 


A small and delicate species, with low hemispheric calyx and relatively 
long and heavy arms. Calyx without ridges or depressions of any kind; height 
to width about 1 to 2; side outline convex, and surface evenly curved. Average 
crown, 16mm. high by 10 mm. wide at top of RR; base at column facet, 3 mm. 

IBB low, nearly horizontal, but little visible in side view, and not projecting 
toward the column. BB small; RR very large, three-fourths the height of the 
calyx. R facets about one-half width of R, deeply excavated, with sharply 
sloping shoulders at either side. IBr 3 to 4, sometimes 2. IIBr 4 to 6. Arms 
rounded, long, and relatively heavy, tapering but little. Column moderately 
large, composed of straight columnals of uniform width, with alternation of 
shorter and longer ones for a short distance from the calyx, beyond which they 
* become of equal length. 

‘This species occurs in the same horizon and locality as P. patei. While not so abundant, 
it is represented by a sufficient number of specimens to show the constancy of its characters. 
It may be distinguished without difficulty, since it bears little resemblance to typical Pycnosac- 
cus, the arms having increased at the expense of the calyx. Wherever in the stem or other 
characters it departs from the type of Pycnosaccus it approaches Nipterocrinus, and without 
the radianal and anal plate it would readily be taken for that genus. The increased number 
of primibrachs is a well-established character, there being three or more in all the rays of 
four specimens except in one ray which has two. 

Named in honor of Dr. Stuart Weller, of Chicago, whose work upon the crinoids of the 
Chicago area is a notable contribution to our science, and who was the first to recognize the 
presence of the genus Pycnosaccus in America. 

Types. Author’s collection. : 

Horizon and locality. Silurian, Niagaran Group, Brownsport limestone; Decaturville, 


Tennessee. A species of this type has recently been found in the Laurel limestone at St. Paul, 
Indiana. 


Pycnosaccus americanus Weller 
Plate XIII, fig. ro 


Pycnosaccus americanus Weller, Bull. IV, Chicago Acad. Sci., pt. 1, 1900, p. 149, pl. 15, fig. 12 [Pycno- 
saccus ornatus in explanation of plate 15]. 


_A small species of the type of P. scrobiculatus, but with a more elongate 
calyx, and especially much larger IBB, which are higher than in any other 
species. The specimen is too imperfect for detailed description. 

Type. Chicago Academy of Sciences. 


Horizon and locality. Silurian, Racine dolomite of the Niagaran Group; Chicago, 
Illinois. 
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Pycnosaccus canadensis (Whiteaves) 


Arachnocrinus canadensis Whiteaves, Contrib. Canadian Palaeontology, I, pt. 3, 1891, p. 208, pl. 28, 
figs. 2, 2a. 
Pycnosaccus canadensis, Minchin fide Bather, Zoological Record, 1891, p. 82. 


A very small species from the Mackenzie River basin of the Arctic region, 
in the strata which are said by Schuchert (Paleogeography of North America, 
p. 546), to be Middle Devonian. As stated by Bather in the Zoological Record 
for 1891 it belongs to this genus, but the specimen is insufficient for the deter- 
mination of specific characters. It has small infrabasals. 


Type. Museum Geological Survey of Canada. 
Horizon and locality. Middle Devonian; Hay River, Mackenzie River basin, Canada. 


(?) Pycnosaccus dubius n. sp. 
Plate XIII, figs. Ita, b 


The peculiar crinoid figured under the above name was found in Decatur 
County, Tennessee, associated with Pycnosaccus patet and Hormocrinus ten- 
nesseensis. The size and general outline of the crushed crown are shown, but 
unfortunately the plates are so displaced that it 1s impossible to ascertain their 
arrangement above the radials. There are two smail IBB visible as triangles 
at the side; very small BB, large RR—at least twice the size of BB—with two 
IBr, about two-thirds as wide as the RR. Whether iBr are present is doubtful; 
the form of the radial indicates the contrary, as there is a rather distinct curved 
facet with short shoulders, apparently rounded as usual in this genus. Nor can 
anything be ascertained about the anal side. There are no ridges or surface 
markings of any kind. One arm, well rounded, is intact in the upper part. The 
general shape and size of the confused mass of plates is about what we should 
expect for an average specimen of this genus or of Hormocrinus. The outline, 
figure 11), shows the probable composition of the rays, and the relation of the 
basal and infrabasal plates. 

The greatest peculiarity of this crinoid is its column, which is preserved entire; it is 
quite long, very wide at the proximal end, and tapers from there gradually to the extremity 
where it becomes very small, ending in a point and evidently not attached. From the calyx 
down for two-fifths of its length it is composed of uniformly short, slightly rounded 
columnals—the upper ones one-sixth as long as wide; these continue without alternation or 
change except that of decreasing width for the distance mentioned, where the diameter is 
reduced by one-half ; here the columnals begin to lengthen and they increase rapidly from a 
length equal to one-half their width until at the distal end they are very elongate barrel- 
shaped, seven times longer than wide. This stem might be a variant of that of Horimocrinus ; 
except in the remarkable taper it has some resemblance to that of the Carboniferous Mespil- 
ocrinus. The species might be of the type of Mespilocrinus minus the radianal, forming 
thus an intermediate step between that genus and Nipterocrinus. Until further discoveries its 
actual generic position must remain in doubt. 

Type. Author’s collection. 


Horizon and locality. Silurian, Brownsport limestone, Beech River formation; Decatur 
County, Tennessee. 
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MESPILOCRINUS De Koninck and Le Hon 
Plate V, figs. 1-24 j 


Mespilocrinus De Koninck and Le Hon, Recherch. Crin. Carb. Belgique, 1854, p. 111 and text fig— 
Pictet, Traité Palaeontologie, IV, 1857, p. 320——Hall, Supplement Geol. Iowa, I, pt. 2, 1860, 
p. 69—Bronn, Klassen u. Ord. Thier-Reichs, II, 1860, p. 231—Schultze, Mon. Echinodermen 
Eifler Kalkes, 1867, p. 152, sep. (1866), p. 40——Beyrich, Montasber. Akad. Wiss., Berlin, Feb., 
1871, p. 46; Transl. Ann. and Mag. Nat. Hist., (4) VII, p. 403—Von Zittel, Handbuch Palaeon- 
tology, I, 1870, p. 355; Grundziige Palaeontologie, 1805, p. 138—Wachsmuth and Springer, 
Revision Palaeocrinoidea, pt. 1, 1879, p. 41; ibid., pt. 3, 1886, p. 144; Proc. Acad. Nat. Sci. Phila- 
delphia, 1890, p. 388—Miller and Gurley, Bull. 9, Illinois St. Mus., 1896, p. 39.—Zittel-Eastman, 
Text-book Palaeontology, I, 1806, p. 164; 2d Ed. 1913, p. 203—Bather, Treatise on Zoology 
(Lankester), pt. 3, 1900, p. 188—Springer, Amer. Geologist, XXX, 1902, p. 94; Jour. Geology, XIV, 
1906, p. 517——Young Poteriocrinus, Phillips, Geol. Yorkshire, II, 1836, p. 205. 


Fic. 20. Mespilocrinus 


Lecanocrinidae with rays in contact except at anal side. Crown globose to 
ovoid. Infrabasals usually erect, extending beyond the column; exceptionally 
five in number. No radianal. Anal plates one or more, filling the interradius; 
no interbrachials in other areas. Primibrachs two. Rays usually abutting but 
not interlocking ; often asymmetrical, with dextrorse twist. Arms dichotomous. 
Column not enlarging proximally ; composed near the calyx of short columnals, 
becoming longer below; these vary in form from cylindrical with straight sides 
and no depression at the sutures, or simply convex or barrel-shaped with 
indented sutures, to greatly elongate, doubly conical, spindle-shaped segments, 
widest in the middle. The column is frequently curved so that the calyx hangs 
downward. 

Genotype. Mespilocrinus forbesianus De Koninck and Le Hon. 

Distribution. Lower part of Lower Carboniferous; Belgium, England and 
the United States. 


Mespilocrinus is a Lecanocrinus minus the radianal—its legitimate successor in struc- 
ture as well as time. Along with this modification there is a tendency to specialization, 


LECANOCRINIDAE IOI 


resulting in a lack of stability in some of the more important generic, and even larger, 
characters. It has somewhat the features of a degraded type; the crown is small in propor- 
tion to the stem, and instead of being erect often hangs downward, the upper part of the stem 
being curved or coiled so as to permit this. This is not a mere accidental position due to 
contraction at death, but while not accompanied by such an extreme modification as we find 
in Calceocrinus, it nevertheless represents a definite structure. The first few proximal 
columnals are cuneiform, and the adaptation of their shape to the curvature of the stem is 
perfectly shown in a side view of the coil (Pl. V, figs. 13a, b). With such a construction it 
does not seem possible that the crown could at any time have had an erect position. This 
feature is very prominent in M. konincki, but not so much so in M. forbesianus. 

Along with this aberrant stem structure, there appears in this genus a very peculiar 
asymmetry in the disposition of the rays, by which they are bent to the right, so that instead 
of standing parallel to the vertical axis of the crown they tend to twist around it from left to 
right. As in the case of the stem, this feature is accompanied by a structural modification 
whereby the radials and lower brachials lose their symmetry of form; their lateral margins 
are of unequal lengths, their angles quite irregular, and their size unequal. These two 
characters do not always go together. In M. konincki, which seems to represent the extreme 
of specialization in this genus, both are conspicuous, and are also accompanied by a further 
striking modification of the stem in the development of spindle-shaped columnals of extraordi- 
nary length, some of them being ten times as long as their terminal diameter. M. for- 
besianus has the twisted and asymmetric rays, with a stem much less coiled and in other ways 
entirely different. M.chapmani has the drooping crown and partially coiled stem, with elon- 
gate but not spindle-shaped columnals ; but it has not the asymmetry and twist of the rays. 

With such instability of the characters that should distinguish genera, it is not surprising 
to find a further instability in one of the most strongly fixed characteristics of the whole 
group, viz., the three infrabasals, which prevail otherwise throughout the Flexibilia without 
exception save in the case of Nipterocrinus where they are coalesced. Here the infrabasals 
occasionally, and within the same extreme species, M. konincki, tend to revert to the funda- 
mental five. 

In addition to these erratic features there is also a tendency to variation in regard to the 
lateral contact of the rays. In at least one species, M. thiemei, the first primibrach does not 
fill the distal face of the radial, but leaves short shoulders on either side, while the arms are 
rounded, leaving small open spaces between them. Whether these spaces were occupied by 
small plates cannot be ascertained, but there is room for thinking this possible. Such a modi- 
fication leads in the direction of a form like Pycnosaccus, and a species in which it was cer- 
tainly developed would fill a place in the series as the Carboniferous representative of that 
genus freed from its radianal. 

Mespilocrinus is characterized by an extraordinary enlargement of the posterior basal, 
which rises almost to the level of the distal face of the radials, filling part of the space occu- 
pied by the radianal and anal in Lecanocrinus. This feature is constant in all the species with 
the possible exception of M. bordemt, in which the anal side is unknown; it exhibits little 
variation, so that it is of no service in the separation of species. The genus is also remark- 
able for the frequent presence of only two secundibrachs. In one species, M. konincki, this 
is almost constant ; in M. forbesianus the number varies from two to three; while in M. bor- 
dent there are as many as seven—thus showing a rather unusual range of variation even in this 
somewhat variable character. The smaller number is also found in the latest species of 
Taxocrinus, T. whitheldi. The surface in all species known is smooth. 

Schultze, not understanding at that time the significance of the radianal, ranked this 
genus as a synonym under Lecanocrinus. 

Miller and Gurley described a specimen of MW. konincki from the Choteau limestone of 
Missouri (equivalent in part to the Lower Burlington) under the name of Cyathocrinus 
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blairi. Miller afterward discovered its resemblance to Mespilocrinus, but refused to admit 
its identity because his specimen had five infrabasals. He happened to be short of names at 
that moment and therefore spared us the infliction of another generic synonym. The pres- 
ence of the genus has been distinctly recognized from fragments in the Kinderhook beds of 
Fern Glen, Missouri, and it is represented by good specimens in the equivalent beds of 
Indiana and Kentucky. 

De Koninck and Le Hon’s species occurs in the lower limestone at Tournai, Belgium, 
substantially equivalent to the horizon of the Lower Burlington, or Choteau beds, as devel- 
oped in Iowa and Missouri. Phillips figured under the name “young Poteriocrinus” a 
specimen from the English Mountain limestone which undoubtedly belongs to this genus, 
and probably to the type species. Phillips was not blind to its peculiarities, and figured it to 
show the arms in a rudimentary state. In America the genus does not occur later than the 
Burlington limestone. ; 

Mespilocrinus is a very rare form, three of the species being represented by single 
specimens. I have tried for years without success to obtain a specimen of the Belgian species, 
only two having been found, to my knowledge, at Tournai since De Koninck’s time; and in 
his large collection, acquired by Professor L. Agassiz for the Museum of Comparative 
Zoology, the species is not represented. Of the most characteristic species we have better 
material, but outside of the original Barris and Wachsmuth collections at Harvard, and my 
own, very few specimens are known. 

The characters ordinarily available for the separation of species are not much differen- 
tiated in this genus, and we have to rely to some extent upon its erratic development in some 
of the broader characters, among which, however, I do not reckon that of the infrabasals, 
which I regard as purely individual. 

The species may be arranged as follows: 


Tue Species oF MESPILOCRINUS 
I. Arms in close contact. 
Rays asymmetric with dextrorse twist. 


Specimens large, column regularly cylindrical. 
Short columnals\iwathystraishtsideseemee eect eccrine M. forbesianus. 


Specimens small, sutures not indented. 
Crown turbinate, with large column facet. 


Column large, composed of rounded columnals, changing 
from short proximally to very long and spindle-shaped...... M. konincki. 


Crownlclobose=columnitacer small =an nase ace eee eee cir M. blairi. 
Sutures between Br beveled. [Br half as long as RR. I[Br 2 and 3..M. romingeri. 
Rays symmetric, without twist. 
Specimens large. Sutures not indented. 


Br very short and wide; [Br not over one-fourth length of R. 
LMS Sem ORC CRAP eRe cra Seo mame Brot clacca cold doe bs ce'6-6 4 M. bordeni. 


II. Arms not in close contact. 
Rays symmetric, without prominent twist. 


Specimens small; crown ovoid, higher than wide; [Br nearly as 
TSA, IS RIRG app aces wis vice oom apa tatemne oacpe nee ce eaten ectt as Aeeeweenat eM ea AME aeearene M. thiemei. 


Specimens large ; crown subglobose. 


IBr half as long as RR; columnars becoming elongate, but not 
Spurdlezsha pede 2 cites celts eee aenteene Room ere anne caer ene meas M. chapman. 
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Mespilocrinus forbesianus De Koninck and Le Hon 


Plate V, figs. 1-3 

Young Poteriocrinus Phillips, Geol. Yorkshire, 1836, p. 205, pl. 4, figs. 5, 6. 

Mespilocrinus forbesianus De Koninck and Le Hon, Recherch. Crin. Carb. Belgique, 1853, p. 112, pl. 2, 
figs. 1a-c—Pictet, Traité Paleontologie, 1V, 1857, p. 320, pl. 100, fig. 19.Beyrich, Monatsber. 
Akad. Wiss. Berlin, Feb., 1871, p. 46 (Transl. in Ann. and Mag. Nat. Hist., (4) VII, p. 403.— 
Quenstedt, Petref. Deutschlands, IV, 1876, p. 516, pl. 108, fig. 28—Wachsmuth and Springer, 
Revision Palaeocrinoidea, pt. 1, 1879, p. 42—Springer, Jour. Geology, XIV, 1906, p. 523, pl. 7, 
fig. 14. 

Type of the genus. 

A large species. Crown subglobose, height and width about equal; spread 
of calyx from base to top of RR, 1 to 2.5; height to width at RR, 1 to 2. Base 
rounded. Surface smooth. Folded crown in maximum specimen, 14 mm. high 
by 14 mm. wide. 

IBB small, visible in side view. BB large, post. B much the largest, reach- 
ing to full height of RR. Anal x short and broad, filling the interradius. RR 
somewhat unequal, and asymmetric; height of B to R to IBr, 4.2:3:1.7. IBr 2; 
I1Br 2 or 3; all Br relatively short and wide. Rays and arms broadly rounded, 
in close lateral contact, and twisting to the right as seen from the base; infold- 
ing soon after second bifurcation; the two posterior rays arching over the anal 
plate. Column large, cylindrical; proximal columnals short, slightly increasing 


downward, becoming uniform in size and shape as far as preserved. 


The above description is to a considerable extent a repetition of generic characters. The 
proportionally large primibrachs distinguish the species from several others, and the column 
from all in which it is known. Here the column is a straight-sided cylinder, with no depres- 
sions at the sutures, nor bulging in the middle of the columnals which are relatively short ; 
it represents the one extreme from which, with some gradations, we pass in other species to a 
column about as different as could possibly be imagined. The species is extremely rare in 
its original locality in Belgium. De Koninck had two specimens, and I know of only two that 
have been found since his time, one of them being the fine specimen with long stem in the 
British Museum (Pl. V, figs. 3a, b). This or a similar species occurs in England; the small 
specimen figured by Phillips as a young Poteriocrinus from the Mountain limestone of 
Yorkshire evidently belongs to the genus. 

Type. De Koninck and Le Hon’s original specimens are in the Royal Museum at 
Brussels. The other specimen here figured is in the British Museum. 

Horizon and locality. Lower Carboniferous, Mountain limestone ; Tournai, Belgium. 
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Mespilocrinus konincki Hall 


Plate V, figs. 4-15 

Mespilocrinus konincki Hall, Supplement Geology of Iowa, I, 1860, p. 69; Bull. N. Y. St. Mus. Nat. 
Hist., I, 1872, Photo. Plates, pl. 6, fig. 9——Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. 1, 1870, p. 42. 

Mespilocrinus scitulus Hall, Jour. Bost. Soc. Nat. Hist., VII, 1861, p. 321 (Prelim. Notice, p. 9; Bull. 
N. Y. St. Mus. Nat. Hist., I, Photo. Plates, pl. 6, figs. 7, 8. 

Cyathocrinus blairi Miller and Gurley, Bull. 7, Illinois St. Mus., 1805, p. 67, pl. 4, figs. 13, 14, 15, not 
figs. 11 and 12, nor ibid., Bull. 8, p. 50, pl. 3, figs. 21, 22, nor ibid., Bull. 9, p. 30. 


A small species. Crown globose, height and width equal, widest about 
IAx; height to width there about 1 to 1.6. Base broad; spread of calyx from 
base to RR, about I to 2.5; cross-section circular. Surface smooth. Maximum 
crown, 8 mm. high by 8 mm. wide; average, 6 by 6 mm. 

IBB of medium size. Post. B rising nearly to height of RR; other BB and 
RR about equal in height, and I1Br about two-thirds as high; B to R to IBr, 
2.5:2.4:1.5. RR evenly curved; succeeding plates broadly rounded. IIBr 
mostly 2. Anal x large, filling interradius. Rays in contact, infolding, closing 
below the third bifurcation; arms with marked dextrorse twist. Column large, 
composed near the calyx of short, uniform, rounded columnals, which gradually 
increase in length; from the fifteenth to twenty-fifth they become greatly elon- 
gated, widening in the middle and narrowing at the sutures until they become 
doubly conical, or spindle-shaped; the average proportions of a fully developed 
columnal of this kind are: length to width in middle, 2 to 1; to width at ends, 
4 to I. 


This species was the first example of the genus recognized in America, Hall describing 
it from a very small specimen. It is from the Lower Burlington limestone, a horizon which 
in general faunal characteristics has much in common with the Mountain limestone of 
Belgium. It has always been a rare fossil at Burlington, but by good fortune I have been 
able to secure about a dozen excellent specimens, so that its peculiar characters can be 
thoroughly illustrated. The dextrorse twist of the arms is a very singular feature; looking 
at the specimen with the calyx erect, as we ordinarily do, the arms bend more or less to the 
right, some tending to pass under the adjoining ones. There is in connection with this a 
certain amount of irregularity in the form and size of the radial and brachial plates not usual 
in crinoids. The whole aspect of the crown is that of a rather irregularly rounded, somewhat 
asymmetric, globose cluster of short, thick arms. Along with this peculiarity there is the 
extraordinary stem, which in the extreme length of the median columnals is quite unique ; and 
it usually tends to coil around the crown something after the fashion of Herpetocrinus and 
Camptocrinus. We can in practice always recognize the species from a small fragment of 
the stem or crown. 

Compared with De Koninck and Le Hon’s figures, it is not easy to distinguish this species 
from M. forbesianus by the crown alone. The general proportions and the relative dimen- 
sions of various plates are not very different, and the characteristic twist is equally promi- 
nent in both. Hall distinguished them easily in his description by the phrase which has since 
done duty at the birth of so many doubtful species: “ This small species bears considerable 
resemblance to MW. forbesianus of De Koninck and Le Hon, but differs much in the form and 
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proportions of the plates.” The average size of the specimens shows a constant difference, 
and the column, as shown by the British Museum specimen, is so different that in a less 
specialized form it would indicate a different genus. That of M. forbesiocrinus not only 
lacks the spindle-shaped median columnals, but is a perfectly even, straight-sided cylinder, 
without any depression at the sutures or notable increase in length of columnals. 

As to Hall’s other species, M. scitulus, I think there can be no question but that it is iden- 
tical with this. It comes from the same bed in the Lower Burlington limestone at Burlington, 
and as a matter of practice I was never able to recognize any material difference among the 
specimens until I resurrected the type specimen of M. scitulus in the Museum of Comparative 
Zoology, where its identity had been lost (Pl. V, figs. 14a, b). Hall differentiated the second 
species on the greater angular prominence of the “basals”” (IBB)—which were scarcely 
visible in his very small specimen of M. konincki, though well developed in others—and in 
the more rapid spreading of the calyx, which in his type specimen is due to foreshortening by 
vertical pressure. The difference in the infrabasals is, however, very remarkable, those of 
M. scitulus being not only more angular, but being distinctly five in number—a departure 
from the structure of the genus and of the group generally. Nevertheless I do not consider 
it in this case to be even a specific character. 

For some unaccountable reason there is in this highly specialized form, with its dex- 
trorse twist of arms and its strange column, a tendency in the infrabasal ring to revert to the 
fundamental five plates by division of the two larger ones. This happens in an irregular 
way. In the type of M. scitulus the plates are of unequal size. In Plate V, figure 11, the 
regularly shaped infrabasal disk is divided into five equal plates, while in another specimen 
the tendency to such division is to be seen, not developed into actual sutures, but visible by 
transmitted light in the semi-translucent calcite of the plates. In the specimens described by 
Miller and Gurley as Cyathocrinus blairi there are said to be five infrabasals, and in a speci- 
men labeled as that species from the same locality, in the Gurley collection at the University 
of Chicago, only three are visible (Pl. V, fig. 18). This is simply a case where under the 
influence of strong specialization the bond even of ordinal characteristics becomes weakened, 
and the tendency to sporadic variation is increased. Miller, after describing his specimens as 
Cyathocrinus, noted the structural similarity to the Ichthyocrinidae, and afterwards dis- 
covered their apparent resemblance to Mespilocrinus; but on account of the difference in 
number of infrabasals he denied that they could belong to that genus, though in this case he 
considerately refrained from proposing a new genus for them. To be consistent, he would 
have had to establish a new family for the reception of certain specimens of a form which he 
could not have distinguished, even specifically, if the infrabasals were concealed—thus show- 
ing the absolute lack of that correlation of characters which is necessary to the validity of 
such divisions. 

Type. The location of the type specimen is unknown. The figure is made from 
Professor Whitfield’s drawing for Hall’s photographic plates, together with a cast of the 
type made by Whitfield while it was in Hall’s hands for description; this cast is in the 
American Museum of Natural History, New York. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone and ranging 
rarely into the Upper Burlington ; Burlington, Iowa. 
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Mespilocrinus blairi (Miller and Gurley) 


Plate V, figs. 16-19 
Cyathocrinus blairi Miller and Gurley, Bull. 7, Illinois State Museum, 1895, p. 67, pl. 4, figs. 11, 12, 


not figs. 13-15; ibid., Bull. 8, 1896, p. 50, pl. 3, figs. 21, 22; ibid., Bull. 9, 1806, p. 39.—-Miller, N. A. 
Geol. and Pal., Sec. Appendix, 1897, p. 741, fig. 1328. 


Similar to M7. konincki, except that the crown is globose instead of turbi- 
nate, the calyx broadly rounded below, the column facet smaller, and infra- 
basals more protuberant. 


The small specimen figured under this name in Bulletin 7, of the [linois State Museum, 
plate 4, figures 13-15, must be referred to M. konincki, having a broader base and straighter 
sides, and it is quite possible that the other specimens are simply more mature, and therefore 
more rotund, forms of the same species. All of Miller and Gurley’s specimens are said to be 
from the Choteau beds at Sedalia, Missouri, but it must be remembered that the upper part 
of what is in Missouri called the “ Choteau” is the same thing as the Lower Burlington beds 
in Iowa. In the Sampson collection made at the Sedalia locality, now in the University of 
Chicago, there are upward of 70 species of crinoids, and nearly all of them are well-known 
species long since described from Burlington. Miller and Gurley described a large number 
of new species from there, some of which are good, and some undoubted synonyms. Many 
of these forms have a wide geographical range. The exposure of Lower Burlington lime- 
stone which I explored on the eastern flank of the Rocky Mountains at Lake Valley, New 
Mexico—fifteen hundred miles from Burlington—yielded about 40 species of crinoids, nearly 
all of which are prominent and characteristic species at Burlington, such as Dorycrinus 
unicornis, Cactocrinus proboscidialis, etc., and the general fauna there is very similar to that 
of the Missouri Choteau. 

Figure 21 on plate 3 of Bulletin 8, Illinois State Museum, represents two anal plates, but 
I doubt if this is correct; in the genus generally, and in other specimens from the same 
locality figured both by Miller and Gurley and herein, the posterior basal rises nearly or quite 
to the level of the radials, and this has probably been mistaken for a first anal. The figure of 
the summit is somewhat artificially composed, and there is another incorrect figure, 28, on the 
same plate. : 

Types. Miller and Gurley’s types cannot be located, and I have copied their figures, 
which cannot always be relied upon for structural details; two of them appear to have five 
infrabasals. I also figure two specimens from the same locality from the Sampson collection, 
now in the University of Chicago, which show the usual three IBB. 

Horizon and locality. Lower Carboniferous, Choteau (or Lower Burlington beds) ; 
Sedalia, Missouri. 


Mespilocrinus romingeri n. sp. 
Plate V, figs. 21a-d, 22 


A medium-sized species. Crown ovoid, 13 mm. high by 10 mm. wide, 
widest at [Ax; height to width at top of RR, 1 to 1.5; spread of calyx from base 
to RR, 1 to 3.5; base broadly rounded. 

IBB small; post. B very large; other BB and RR of about equal height ; 
radial facets curved. IBr large, over half as high as RR, and nearly half as 
high as wide. IIBr 2 or 3. Rays in contact, with dextrorse twist, and plates 
asymmetric; rounded, short, and broad, infolding just beyond second bifurca- 
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tion. Sutures between RR and [Br and succeeding plates beveled. Anal + 
small, filling the interradius. Column unknown, facet small. 


This species when first recognized was represented by a single specimen, found by 
Dr. Carl Rominger in the Knobstone formation at Button Mould Knob, Bullitt County, Ken- 
tucky, and presented to me by him the year before his death; but it has been recently con- 
firmed by another specimen from the same locality. It is a typical Mespilocrinus, with the 
unsymmetric and unequal radial and brachial plates, and twist of the rays. Except for its 
beveled sutures and smaller anal, which may be more apparent than real depending on the 
folding of the rays, this form would be difficult to separate from M. konincki if found in the 
same matrix at Burlington. From the other Knobstone species it is distinguished without 
difficulty, being of an altogether different type. 

The species is dedicated to the memory of Dr. Carl Rominger, the veteran geologist and 
paleontologist of Michigan University, from whom I received the principal type specimen. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, Knobstone Group; Button Mould Knob, 
Kentucky. ; 


Mespilocrinus bordeni n. sp. 
Plate V, figs. 23a-c 


A large species. Crown subovoid, broadly rounded above, narrower below; 
20 mm. high by 20 mm. wide; widest to top of RR, where height to width 
is I to 1.5; spread of calyx from base to top of RR, 1 to 3; base small. 

IBB small. BB large. RR large with facets straight. IBr 2, very short 
and wide, less than one-fourth the length of radials, and one-fourth as long as 
wide. B to R to IBr, 9:7:1.5. IlBr 6 or 7, very short, decreasing rapidly in 
width upward. Rays and arms flat, in close contact, infolding about the second 
bifurcation. Column large proximally, facet almost as large as IBB; unknown 
farther down. Anal side unknown. 


The distorted specimen upon which this species is founded was given to me by the late 
Professor W. W. Borden, who personally collected it during his later years from the Knob- 
stone beds at one of the knobs near Borden, Clark Co., Indiana. It was associated with some 
other rare crinoids, among them Wachsmuthicrinus spinosulus, from thin layers of clay, and 
all much flattened... Part of the crown is broken away, unfortunately including the anal side. 
Three of the rays and the base are in good condition, and from these I have made an accurate 
restoration, showing the undistorted form and correct proportions of the specimen (PI. V, 
fig. 23¢). 

This species is in some respects very different from any of the others, and it is quite 
possible that if the anal side were known it would fall into another genus. The extremely 
short and wide interlocking brachials, and the unusual number of secundibrachs, give to it a 
facies quite peculiar. In other species the secundibrachs are generally two, with sometimes 
three, whereas the six or seven found here would be extraordinary even for Lecanocrinus, 
which the short brachials recall. These differences of course do not of themselves indicate 
another genus, but they induce a strong desire to see a complete specimen. This form appar- 
ently lacks the asymmetry and dextrorse twist of the rays characteristic of typical species. 
The genus is represented in the same beds by another species which is not at all like this. 

The specific name is in memory of Professor W. W. Borden, of Borden, Indiana; a 
pioneer geologist, who died in December, 1906, at the advanced age of 80 years. An ardent 
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lover of Nature, and a zealous collector until the last, he was in his personal relations and 
friendships a most lovable man. To his sympathetic kindness I am indebted for a number of 
unique specimens, which he hoped might be of use to Science in my hands. 

Type. Author’s collection. 

Horizon and locality. Lower Carboniferous, Knobstone Group; Clark County, Indiana. 


-Mespilocrinus thiemei n. sp. 
Plate V, figs. 20a, b 


A small species. Crown elongate ovoid, subpentangular ; 9.5 mm. high by 
7 mm. wide, widest about [Ax; spread of calyx from base to top of RR, I to 3; 
height to width, 1 to 1.5; base rounded. 

IBB small. Post. B very large, rising nearly to level of RR. Height of 
B to R to IBr, 2.7:2.2:2. Radial facets strongly curved, not filling distal face 
of RR. IBr and higher brachials relatively narrow, height to width about 1.6 
to 2; rounded and not in close contact laterally. II Br mostly 3, with another 
bifurcation visible. RR and Br symmetric, and rays not twisted. Anal x very 
short, not filling interradius, and probably followed by others or by perisome. 
Column small, round; proximal columnals for several joints very short, with 
convex sides, gradually increasing in length so far as preserved. 


The unique specimen upon which this species is founded was in a collection made by 
Dr. Otto Thieme, one of the pioneer collectors of Burlington, and acquired by me in 1870. 
It has rested in the tray along with other Mespilocrini ever since, with a strong “ ?” upon the 
label. In all the other contemporary collections of Barris, White, Wachsmuth and myself, 
and those made in nearly 40 years following, no other specimen of it has appeared. It departs 
from the typical form of the genus in the fact that the first primibrachs do not fill the full 
width of the radial, but there is left at each side of the deeply curved radial facet a short 
shoulder, apparently unoccupied. Hence the rays are not in contact, but small open spaces 
are left between them. The specimen is very well preserved in a fine-grained matrix easily 
removed and favorable to the preservation of minute structures; but I have been unable to 
detect any trace of small plates in these interbrachial spaces. In this respect it is somewhat 
in the condition of the aberrant species described under Lecanocrinus, now referred by me to 
Asaphocrinus; but the parallel does not continue further, for the anal plate, although quite 
different from that of the typical species, does not vary in the direction of the tube-like series 
of the Taxocrinidae. This short and wide plate is decidedly straight above, and was 
undoubtedly followed by others, but whether solid plates or an integument of small ones, as in 
Pycnosaccus, cannot be ascertained. The latter is the more probable, because if there had 
been a solid plate filling the arch of the posterior rays, as in the genus generally, there is no 
reason why it should have disappeared; whereas the integument of small plates is a most 
fragile structure, and in forms like this usually falls to pieces and is lost. If the latter were 
the case, and as would undoubtedly follow the regular interbrachial spaces were also occupied 
by small plates, this would constitute a perfectly good genus holding the same relation to 
Mespilocrinus that Pycnosaccus does to Lecanocrinus,—in other words, the Carboniferous 
successor of Pycnosaccus. When we remember that in over 50 years’ collecting at Burlington 
only a single specimen was ever found showing the true interbrachial structure of Niptero- 
crinus, and that it is only now after the lapse of 30 years since Angelin described Pycnosaccus 
that the actual structure of the same parts in that genus is made known, it need not be thought 
strange that the same fact as to this extremely rare form should still be open to conjecture. 
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The weight of evidence in this species is in my opinion rather in favor of a plated 
integument in the upper part of the anal interradius; but what makes me hesitate to affirm 
it as to the other areas is the fact that they are so narrow and the shoulders of the radial for 
their support so short. In Pycnosaccus, after seeing the first specimen in the British Museum, 
I never had any doubt that it had this structure, because the spaces for lodging the inter- 
brachial perisome were so wide and prominent, and I had in mind the unpublished case of 
Nipterocrinus so closely analogous to it. But in this case I do not feel warranted in proposing 
a new genus where the basic fact is unproved, and I therefore prefer to treat this and the 
next species as variant forms of the genus. The dextrorse twist of the arms and somewhat 
irregular contour of plates, so characteristic of some species, are wanting in this ; the apparent 
bending to the right of the middle ray in figure 20a, Plate V, is accidental, not structural. 
Although the stem is not preserved far enough to show it positively, I suspect that it had 
merely elongate, cylindrical columnals, like that of M. chapmant. 

Dedicated to the memory of Dr. Otto Thieme, who was among the first to appreciate the 
wealth of the crinoidal fauna of the Burlington rocks. 

Type. Author’s collection. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone. The speci- 
men came from a locality famous among the early Burlington collectors, known as “ Patter- 
son Holiow,” which produced many of the finest crinoids from the lower bed. They occurred 
in a layer of rather soft, very even-grained buff limestone, and were of a light, creamy color, 
easily cleaned from the matrix; and many of them being of delicately ornamented species, 
they were justly esteemed the most beautiful fossil crinoids ever found. The Barris collec- 
tion, and the original collection of Wachsmuth, both now in the Museum of Comparative 
Zoology at Harvard, contain some of the finest of that material. Like nearly all the other 
choice localities at Burlington, it has by the growth of the city become covered by buildings, 
and thus lost to the fossil hunter. 


Mespilocrinus chapmani n. sp. 
Plate V, figs. 24a, b 


A large species. Crown subglobose, narrowest below; subpentagonal ; 17 
mm. high by 17 mm. wide, widest at IIBr; spread of calyx from base to RR, 
I to 2.5; height to width at RR, I to 1.0. 

IBB small. Post. B rising about to height of RR. Height of B to R to 
IBr, 4.5:4:2.5. RR convex, facets strongly curved. IBr and higher brachials 
rounded and not in close contact laterally. IIBr mostly 2. Anal « large, filling 
the interradius. Column large; proximal columnals short, increasing gradually 
to fairly long, barrel-shaped columnals, not doubly conical, measuring 4 mm. 
long by 3 mm. wide. 

This species, like its predecessor, is founded upon a solitary specimen discovered in the 
City of Burlington in 1906; it is the only one belonging to the genus ever found in the Upper 
Burlington limestone, with the possible exception of a small specimen MW. konincki—thought 
to be from that horizon. It-is of a similar aberrant form to M. thiemei, but the anal side has 
strictly the structure of the genus. The specimen is flattened, and the interbrachial spaces 
cannot be seen to their full extent; but from what is visible, and the strong rounding of the 
rays, it is evident that the lateral contact prevailing in the genus generally is lacking here. 


Enough of the column is preserved to show that it does not pass into the extremely long, 
doubly conical columnals of M. konincki; they are elongate, but simply barrel-shaped, with 
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convex sides and beveled edges. In order to show the actual proportions of this unique 
specimen, I have given a restoration of the crown from careful measurements of the parts 
visible, figure 24b. 

The name of this species is given in honor of Mr. Kenneth M. Chapman, of Santa Fé, 
New Mexico, the artist to whose great skill is due the majority of the fine illustrations accom- 
panying this work. 

Type. Author’s collection. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone; Burlington, 

‘Towa. 
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NIPTEROCRINUS Wachsmuth 
Plate XV 


Nipterocrinus Wachsmuth in Meek and Worthen, Proc. Acad. Nat. Sci., Philadelphia, Dec., 1868, 
p. 341—Meek and Worthen, Geol. Survy., Illinois, V, 1873, p. 434—Von Zittel, Handbuch Palaeon- 
tologie, I, 1870, p. 352—-Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 55; 
ibid., pt. 3, 1886, pp. 145, 188—RMiller, N. A., Geology and Palaeontology, 1889, p. 262.—Bather, 
Treatise on Zoology (Lankester), pt. 3, 1900, p. 188—Springer, Amer. Geologist, XXX, 1902, 
p. 95; Jour. Geology, XIV, 1906, p. 519.—Zittel-Eastman, Textbook Paleontology, 2d Ed., 1913, 
p. 204. 


Fic. 21. Nipterocrinus 


Lecanocrinidae with rays above radials separated by perisome only. 
Crown elongate; calyx well differentiated. Infrabasals large, forming part of 
calyx wall, apparently fused into a discoidal plate. No radianal or anal plates. 
Interbrachial areas wide, occupied by perisome passing into the tegmen. Primi- 
brachs three (or four). Radial facets not filling distal face of radials. Arms 
dichotomous, divergent. Column large, long, cylindrical, not (or but slightly) 
enlarging at the calyx; with radicular cirri or branches at distal end. 

Genotype. Nipterocrinus wachsmuthi Meek and Worthen. 

Distribution. Lower Carboniferous, Burlington limestone; United States. 


This genus may be called the Carboniferous successor of Pycnosaccus, having a well- 
differentiated calyx with both radianal and anal plates eliminated. The general habitus— 
with large radials and narrow brachials, without regular interbrachials but the spaces filled 
by perisome—is identical with that of the Silurian genus, and the superficial resemblance is 
also very striking, especially to forms like Pycnosaccus welleri (Pl. XIII, figs. 3-5). The 
three or more primibrachs, which in that species are exceptional for the genus, are the rule in 
Nipterocrinus. The first primibrach is relatively small and narrow, resting in a deeply 
excavated sinus or radial facet, giving to the rays a very different aspect from those of the 
Flexibilia generally ; and in this respect, especially in the imperfect condition in which speci- 
mens are usually found, the genus much resembles Cyathocrinus. The presence of the 
strongly sinuous sutures between the brachials is what first suggested to Wachsmuth the 
doubt that this rare form could belong to that genus. In two other features, however, besides 
the anal structures, there is a decided morphological difference between this genus and 
Pycnosaccus. 
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(1) The column: this, while cylindrical in both and without any marked enlargement 
next to the calyx, has in Nipterocrinus proximally very thin knife-edged columnals, which 
gradually increase in length downward until they become longer than wide, but without any 
alternation in length or width, thus making the stem smooth throughout; whereas in 
Pycnosaccus the entire stem, so far as known, is composed of large convex columnals with 
one or more short and inconspicuous ones interpolated. These features in Nipterocrinus 
are well shown by the fine specimen figured on Plate XV, figure 5, with a complete stem 
which has plain traces of radicular cirri and a branched root. _ 

(2) The base: the infrabasals are confined to a low undivided disk, differing therein 
not only from Pycnosaccus but from all other crinoids of this order, this being the only genus 
except Mespilocrinus to show any departure from the normal division of infrabasals into 
three plates. This structure has not hitherto been understood. Meek and Worthen, in describ- 
ing the genus (Proc. Acad. Nat. Sci., Philadelphia, vol. 20, p. 341), supposed it had five 
infrabasals, while Wachsmuth and Springer (Rev. Pal., pt. 1, p. 55) were inclined to think it 
had three ; but neither undertook to give the number with certainty, as the few specimens then 
known did not show it. Two specimens since obtained (Pl. XV, figs. 4, 1od) prove the 
actual construction beyond a doubt, especially figure 4, in which the infrabasal disk is isolated 
and shown to be perfectly solid. 

The systematic position of Nipterocrinus was at first a matter of doubt. Its great super- 
ficial resemblance to Cyathocrinus scarcely left room for a suspicion that it could belong to a 
group of which the utterly different Ichthyocrinus was the type, and it was accordingly 
thought by Wachsmuth and by Meek and Worthen to be probably allied to the former genus, 
although the sinuous sutures in the rays did not escape their attention, and led them to sug- 
gest the resemblance in this respect to Taxocrinus and allied forms. As the peculiar charac- 
ters of the present group came to be better appreciated, it was seen that the last mentioned 
structure was of more weight than the superficial resemblance, and it is a striking example of 
Wachsmuth’s great sagacity in the interpretation of fossil crinoids, that he inferred the 
necessary presence of an integument of interradial plates connecting the lower brachials by 
reason of which it was ranged under the Ichthyocrinidae by Wachsmuth and Springer in 
1879. 

This supposition was without direct evidence at the time, for the unique specimen figured 
on Plate XV, figures 10a-d, by which it is now fully confirmed, had not then been discovered. 
This specimen, which is the only one ever found preserving these structures in perfect condi- 
tion, shows the small plates completely filling the interbrachial spaces to the third order, and 
leaves no doubt as to the true relations of the genus. It is rather remarkable that in so small a 
specimen the perisome should appear so far up the arms, indicating an unusually high tegmen, 
but this is actually the case ; the preservation is so perfect on one side of the specimen that the 
perisome can be plainly seen firmly soldered to the sides of the arms to the height shown in 
the figure. Just how the integument rests upon the shoulders of the radials is finely shown 
in figure toc from an interradius where the small parts are partly broken away. I have also 
found traces of these small plates in two other specimens. 

Nipterocrinus has been ignored by Quenstedt, and by Von Zittel in the Grundziige, owing 
no doubt to the element of uncertainty in the descriptions of its structure, now dispelled by 
the discovery of new material. The stratigraphic range of the genus is limited to the two 
divisions of the Burlington limestone and the lowest part of the Keokuk ; it has not been found 
outside the vicinity of Burlington, Iowa, where it is one of the rarest fossils. Only two 
species have been certainly recognized, as follows: 


THE SpeEcrES OF NIPTEROCRINUS 
I. Arms relatively long. 
IMU SSF (6 tio) @,  INULBSe 16) (Wo) HG} OP HMOs oa00e0ccccgd0d00000000000500 N. wachsmuthi. 
JI. Arms relatively short and strong. 
TIBr4cor'5. MBE Gnor 7 sacra 5 ae Gyn see eae te ee oe: N. arboreus. 
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Nipterocrinus arboreus \Vorthen 
Plate XV, figs. 9-10 


Nipterocrinus arboreus Worthen, Geol. Surv. Illinois, V, 1873, p. 436, pl. 4, fig. 8—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 56. 


This Lower Burlington representative of the genus is similar to the type 
species, so far as can be ascertained from the specimens, in everything except 
the number of brachials beyond the first, the II Br being 4 or 5, and IIIBr 6 or 7. 
This character is constant in two very well-marked specimens; and it makes the 
rays appear more robust, the brachials being relatively shorter and wider. The 
stem is unknown beyond a few proximal joints. There was nothing in 
Worthen’s description to differentiate this species from the type, and the above 
grounds, not mentioned by him, are the only ones upon which their separation 
may be maintained. 


Types. Worthen’s original is in the University of Illinois; that of figure ro in the 
author’s collection. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone; Burlington, 
Towa. 


Nipterocrinus wachsmuthi Meek and Worthen 


Plate XV, figs. 1-8 


Nipterocrinus wachsmutht Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1868, p. 342; Geol. 
Surv. Illinois, V, 1873, p. 435, pl. 2, fig. 4—Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. 1, 1879, p. 56.—Springer, Jour. Geology, XIV, 1906, p. 522, pl. 6, fig. 18. 


Type of the genus. 

A medium-sized species. Crown elongate. Calyx low, hemispheric, evenly 
curved; height to width at top of RR, about 1 to 1.55; spread of calyx from 
column facet, 1 to 3; side outline convex; cross-section circular. Surface smooth 
or finely granular, without ridges or angularities. Crown of large specimen, 
45 mm. high by 22 mm. wide. 

IBB low and flat, barely visible in side view; undivided. BB narrow, nearly 
as high as RR, but not appearing so in a side view because foreshortened. RR 
by far the largest plates of the calyx, and much wider than high; facets narrow, 
about half the width of R, deeply curved, leaving rounded shoulders at either 
side for attachment of perisome. IBr 3 or 4; I] Br 8 or 9; IIIBr to to 15 or 
more, with another bifurcation only on the inner ramus of the dichotom. Arms 
rounded and deep, with strongly curved sinuous sutures. Column very long, 
large in proportion to the crown, not expanding proximally, and with scarcely 
any taper until near the end where a few radicular cirri or branches appear; 
proximal columnals extremely thin, equal, with straight sides; about one-twelfth 
as long as wide, gradually increasing in length without any alternation. until 
the distal columnals become longer than wide. 


14 
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This species, the more elongate form of the genus, belongs to the Upper Burlington lime- 
stone. One imperfect specimen, considerably larger than any others but otherwise scarcely 
distinguishable from this, has been found in the lower passage beds of the Keokuk limestone. 
In one specimen (fig. 2), exceptionally, the primibrachs are increased from their normal 
number to four. The succeeding intervals between the bifurcations are very long, and this 
constitutes the best distinction from the Lower Burlington species ; only in one specimen, ap- 
parently intermediate in character, do they fall as low as six brachials, those of this order 
being usually eight or nine, and the IIIBr rarely less than 14. 

Types. The original of figure 1 is in the Museum of Comparative Doelor gy, Harvard 
College. The other figured specimens are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone ; Burlington, 
Iowa. 
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Family SAGENOCRINIDAE Roemer, emend. Springer 


SAGENOCRINOIDEA WITH INFRABASALS MORE OR LESS RECUMBENT, TAKING LITTLE PART IN THE 
CALYX WALL. CROWN USUALLY ELONGATE. RAYS ABOVE RADIALS 
PARTLY OR WHOLLY SEPARATED 


Analysis of the Genera 
I. RA in form of R, under r. post. R. 
Anals and iBr chiefly in lower part of areas, followed by perisome. 
Arms dichotomous. 
ADANS TAOS WHEN GUS Areas, IB 2sooocuoooesoccaqo0ccb0c0b GHG TEMNOCRINUS. 
Anal x followed by others in series tending to forma tube. IBr 3..MeEristocrinus. 
Il. RA obliquely to left of r. post. R, not touching r. ant. R, usually between BB. 
Anal and iBr areas filled with solid plates in more than one series. ; 
ANimans GhOMowoMNOUS, IDB Boosocdoccaccgucsennoq00000K0000050 SAGENOCRINUS. 
Ill. RA only in upper oblique position. 
Anals and iBr well developed in lower part of areas, passing into 
PDCGISO na CMMI 12 ey vey etsy wnat acts ary egy net ails sonsseearaeunseomuauenha LITHOCRINUS. 
Arms heterotomous. 10 main trunks with ramules. 


Anals and iBr variable; may be only a few in lower part, followed 
by perisome, or numerous, filling areas with solid plates. 


Arms dichotomous. 
Post. B longer than others. IBr 3 (exceptionally 2).......... FORBESIOCRINUS. 

This family partakes in a smaller degree of the infrabasal character of the 
Lecanocrinidae—those plates, while taking a small part in the calyx wall, being 
to a variable degree recumbent, and reaching the outer surface by a rather nar- 
row rim or wedge-form extension from the interior. It is in general charac- 
terized by a large, elongate and spreading crown, with rays not in contact, and 
with arms more or less divergent. Only in young specimens of Forbesiocrinus 
is there any suggestion of the rotund crown of the Lecanocrinidae, and none 
of the genera have the closely abutting or interlocking rays and arms which are 
found to a considerable extent in both the other families of this suborder. Anal 
structures in some form exist throughout, including radianal of the primitive 
and oblique types. Meristocrinus is aberrant in its characters, tending toward 
the Taxocrinidae in its anal structure. 

Four of the five genera are Silurian, and while represented as late as the 
middle of the Lower Carboniferous by the vigorous and widely distributed 
Forbestocrinus, the line of succession of this family through the Devonian is yet 
to be discovered. One genus, Temnocrinus, is restricted to England, Litho- 
crinus to Gotland, Meristocrinus to these two areas; while the other two, 
Sagenocrinus and Forbesiocrinus, are common to both Europe and America. 

The name Sagenocrinidae was first used by Roemer in Bronn’s Lethaea 
Geognostica, 1852-54, p. 228, to include a single genus, Sagenocrinus, without 
any hint of relationship to a larger group; and the genus was not at first in- 
cluded in the present group by Wachsmuth and Springer. 
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TEMNOCRINUS Springer 
Plate XVI 


Temnocrinus Springer, Amer. Geologist, XXX, 1902, p. 94; Jour. Geology, XIV, 1906, p. 518.—Zittel- 
Eastman, Textbook Paleontology, 1913, p. 204. 

Cyathocrinites, Miller (in part), Nat. Hist. Crinoidea, 1821, p. 88. 

Tsocrinus, Phillips (in part), Pal. Fossils Cornwall, 1841, p. 30. 

Cladocrinites, Austin (in part), Ann. and Mag. Nat. Hist., XI, 1843, p. 107. 

Cupulocrinus, D’Orbigny (in part), Prodrome Pal. Strat., I, 1849, p. 46. 

Taxocrinus, Wachsmuth and Springer (in part), Revision Palaeocrinoidea, I, 1870, p. 49. 

Cyathocrinus, Roemer in Bronn (in part), Lethaea Geognostica, I, 1852-54, p. 236. 


Fic. 22. Temnocrinus 


Sagenocrinidae with rays above radials separated by solid plates in lower 
part of areas. Crown elongate, expanding upward. Infrabasals recumbent, 
taking small part in calyx wall. Radianal in primitive position in form of radial 
directly under right posterior ray. Anal « and few smaller plates filling only 
lower part of area. Interbrachials few, followed by perisome passing into the 
tegmen. Primibrachs two. Arms dichotomous, divergent. Column with 
proximal enlargement. 

Genotype. Cyathocrinites tuberculatus Miller. 

Distribution. Silurian; England. 

This genus was founded upon a species which has been more frequently cited, figured, 
and discussed than any other species of the group, often as the chief representative of Tao- 
crinus, if not the actual type. As is more fully shown in the discussion under that genus, 
Phillips did not designate any type species, but there are good reasons for considering that 
the genotype was one of the species which he himself described, and not Miller’s Cyatho- 


crinites tuberculatus which he associated with them in his proposed generic group. Miller’s 
species differs from the others in the presence of a radianal under the right posterior ray, 


y 
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and of two primibrachs in the other rays instead of three; and still more markedly in the 
construction of the anal area, which is filled in the lower part by solid plates suturally united 
with the adjacent rays. This last character differentiates it from Taxocrinus upon grounds 
of family rank. 

It was in this species that I first + observed the peculiarity in the right posterior ray which 
has been found to cut an important figure in the classification and phylogenetic history of the 
whole group, viz., an arrangement suggesting the presence of an extra primibrach, 7. e., a 
radial followed by three primary plates in the series, instead of two as in all the other rays. 
This appearance is caused by the fact that the two lower plates in this ray are the represen- 
tatives of a compound radial transversely divided, the lower half being a radianal, located in 
its primitive position as an infer-radial, resting upon the basals, and directly under the super- 
radial as in the Inadunate genus Dendrocrinus. It is in the direct median line of the ray, in 
contact with the radial next toward the right, and having the shape and almost the size of the 
radials in other rays. This fact was not indicated by the principal published figures of 
Cyathocrinus tuberculatus, upon which we had previously relied for an understanding of its 
characters. Neither Miller’s original figure (Nat. Hist. Crin., 1821, p. 88) which was copied 
by Schlotheim, nor Goldfuss’s Figure A (Petref. Germ., 1826, taf. 58) which was copied by 
Pictet, show anything of it; nor does Phillips’s figure of another specimen in Murchison’s 
Silurian System, plate 18, nor Roemer’s of still another in Bronn’s Lethaea Geognostica, 
taf. 4, gure 16. None of these but Goldfuss’s shows the posterior side. Quenstedt (Handb. 
Petref., 1885, taf. 75) copied both Goldfuss’s and Roemer’s figures, but in addition gave an 
original figure (11) of the posterior side of another specimen from Dudley, in which the extra 
plate in the right posterior ray is plainly seen. It appears in the figure to be on the left side, 
but this is due to the reversal of the drawing in printing. Out ef 19 specimens in my own 
collection showing the posterior side, and 15 in the British Museum, only one has two primi- 
brachs in each ray, while all the others have the primitive radianal. Upon the evidence it can- 
not be doubted that this is a fixed and constant structure, and on this ground I proposed in 
1902 to separate the species tuberculatus from Taxocrinus under the present generic name 
Temnocrinus. 

Several of the published figures show the presence of a good-sized interbrachial plate, 
but it has not been known until now that these plates, either directly or after another range of 
smaller plates intervening, are succeeded by a plated integument of small irregular pieces 
passing from them, and sometimes from intersecundibrachs also, into the perisome of the 
tegmen. ‘This structure appears very plainly in several of my specimens, and is perfectly 
shown in the beautifully preserved example illustrated by figure 5 on Plate XVI. The anal 
side is similarly constructed, but has a greater number of larger solid plates filling the lower 
part of the area, and shows a tendency to develop a series adhering to the right posterior ray. 

This genus is one of the few occurring at Dudley which has not been found either in 
Gotland or America. It is represented exclusively by the type species, the only modification 
being due to variations in the marginal nodes of the brachial plates in a few specimens, and in 
the degree of the tubercular ornamentation, none of which are sufficiently constant to mark a - 
different species. 


* American Geologist, vol. 30, 1902, p. 94. 
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Temnocrinus tuberculatus (Miller) 
Plate XVI, figs. I-15 


Cyathocrinites tuberculatus Miller, Nat. Hist. Crinoidea, 1821, p. 88, fig. 1 (not fig. 2=Ichthyocrinus) — 
Goldfuss, Petrefacta Germaniae, 1833, p. 190, pl. 58, fig. 6A.—Phillips in Murchison, Silurian Sys- 
tem, 1839, p. 671, pl. 18, figs. 6, 7——Austin and Austin, Mon. Recent and Fossil Crinoidea, 1843-49, 
p. 66. 

Cyathocrinus tuberculatus, Agassiz, Mem. Soc. Neuchatel, I, 1836, p. 197——Quenstedt, Handbuch Petre- 
factenkunde, Ed. 1, 1852, p. 617; 3d Ed., 1885, p. 044, pl. 75, figs. 8-11; Petrefaktenkunde Deutsch- 
lands, IV, 1876, p. 500, pl. 107, fig. 134—Roemer in Bronn, Lethaea Geognostica, I, 1852-4, p. 236, 
taf. IV, figs. 16a, b—Murchison, Siluria, 1859, p. 246. 

Tsocrinus tuberculatus, Phillips, Palaeozoic Fossils of Cornwall, 1841, p. 30. (Jsocrinites) Austin and 
Austin, Ann. and Mag. Nat. Hist. (1) X, 1842, p. 108. 

Cladocrinites tuberculatus, Austin and Austin, Ann. and Mag. Nat. Hist., (1) XI, 1843, p. 197. 

Taxocrinus tuberculatus, Phillips in Morris, Cat. British Fossils, Ed. 1, 1843, p. 59; 2d Ed., 1854, p. 90.— 
M’Coy (Sedgwick & M’Coy) British Palaeozoic Fossils, 1854, p. 53.—Phillips in Murchison, Siluria, 
1859, pp. xx, 246, 536, pl. 14, figs. 5, 6—Pictet, Traité Paléontologie, 2d Ed., IV, 1857, p. 327, pl. 101, 
fig. 10—Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 141; Geol. Surv. Illinois, 
II, 1866, p. 270.—Schultze, Mon. Echinodermen Eifler Kalkes, 1867, p. 145, Sep. (1866), p. 33— 
Baily, Fig. and Desc. British Pal. Fossils, 1875, pl. 18, fig. 2—Wachsmuth and Springer, Revision 
Palaeocrinoidea, pt. 1, 1879, p. 49.—Bather, Ann. and Mag. Nat. Hist. (6) IX, 1892, p. 202. 

Cupulocrinus tuberculatus, D’Orbigny, Prodrome Pal. Stratigraphique, I, 1849, p. 46. 

Dimerocrinites tuberculatus, Pacht, Gattung Dimerocr., 1852, p. 8. 

Temnocrinus tuberculatus, Springer, American Geologist, XXX, 1902, pp. 92-94.—Jour. Geology, XIV, 
1906, pl. 7, fig. 15. 

Encrinites armatus, Schlotheim, Nachtrage Petrefaktenkunde, 1823, p. 98, pl. 26, fig. 7a; Merkwurdige 
Versteinerungen, 1832, p. 25. 


Type of the genus. 

A moderately large species. Crown elongate, widest about II] Brs, where 
height to width is about 1 to 1.1; spread of calyx, 1 to 3. Rays and their divi- 
sions strongly rounded, and iBr areas deeply depressed; sutures more or less 
sinuous, slightly beveled, and not imbricated. Surface ornamented by small 
raised tubercles in horizontal rows on radials and lower brachials, tending to 
become confluent and form parallel vertical ridges on higher brachials, with 
median longitudinal ridges on interbrachials almost smooth in some specimens. 
Height of a large crown, 40 mm., width, 20 mm.; of base, 6.5 mm. 

IBB visible as low pentagons. BB smaller than RR; post. B truncate, fol- 
lowed by a large anal plate usually angular and supporting a second range of 
two, succeeded by a diminishing series of 2 to 4 others most numerous at the 
right side, where they are suturally connected with the ray. RA large, in form of 
a radial directly under and forming the base of the right posterior ray, connect- 
ing with radial of next ray to the right. iBr large, elongate, usually with a 
median longitudinal ridge, and followed by two small plates abreast at the upper 
corners, sometimes not connecting in the middle; these as well as the anal plates 
are directly followed by finely plated perisome, occupying the areas to about the 
height of the second bifurcation, and passing into the tegmen; a single ill Br 
often present. I] Br 3, exceptionally 2 or 4; [1] Br 4 or 5 inner and 7 to 9 outer, 
with usually one bifurcation beyond and still another in very mature specimens; 
lateral margins of brachials rounded, or angular at the edge, often projecting 
as sharp nodes which sometimes tend to form prominent, wing-like buttresses 
along the margin of the rays and their divisions. Arms rounded and deep, the 
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distal divisions tapering rapidly and coiling inward over the tegmen to fine 
points. Tegmen at a level a little above the last I] Br consisting of finely plated 
calcified perisome, which passes down between the rays to a connection with 
iBr plates. Column large, about as wide as the IBB ring; tapering from the 
calyx for about a dozen diminishing columnals of equal AGNES there being 
12 ina length of 7 mm. ina large specimen; from there the alternate columnals 
begin to increase in length, and at a distance of 65 mm. are more than twice as 
long as those interposed; the column gradually diminishes in thickness to an 
unknown length and probably ends in one or more slender roots. 


Miller figured under the name, Cyathocrinites tuberculatus, two specimens, of which his 
figure 2 is the distal part of an Ichthyocrinus pyriformis. His figure 1 is a composite affair, 
constructed from the calyx and arms of a specimen of this species with the stem of Sageno- 
crinus added for greater completeness (Pl. XVI, fig. 1). I have a dozen specimens showing 
more or less of the stem, and in none of them is it of the form shown by Miller’s figure. The 
species 1s exceedingly well marked, and when once understood is readily identified. 

The surface ornament is very characteristic, and need not be mistaken for that of any 
other form in the Wenlock beds; the tubercles of Ichthyocrinus pyriformus are much finer. 
There is considerable variation in the intensity of the ornamentation, some specimens appear- 
ing almost smooth; this, however, is largely a matter of preservation. Looking at such a 
specimen as figure 15, Plate XVI, with its widely-projecting wings or buttresses along the 
margins of the rays, one would be inclined to think it a different species from most of those 
on the same plate; but the fact is that the same thing is found to a greater or less degree in 
most of the specimens. Small angles or rounded nodes project in various sizes from the 
lateral margins of the brachials just exterior to the line where the perisome joins them, but 
usually these are not seen in an ordinary view on account of the depth of the plates. Figure 15 
is flattened somewhat in a dorso-ventral direction, so that they can be better seen, but the 
projections are also much more prominent in this than in any other specimen in the collection. 
The actual structure is well shown in figure 3b, which is a detail enlarged from a specimen 
of which the projections cannot be seen in the complete figure. 

The constancy in the number of secundibrachs in this form at three is interesting. In 
23 specimens, of which 154 secondary arm-branches are exposed, only 12 vary from the 
regular number—most of these being in one specimen which has seven out of eight visible 
branches with 4 IIBr; in 19 out of the 23 specimens there is no variation. 

Roemer (Bronn’s Lethaea Geognostica, vol. 1, p. 236) took this species for the type of 
Cyathocrinus, which it is not any more than it is of Tavocrinus. Schlotheim referred it to 
Encrinites, and Pacht to Dimerocrinites associating it with his Dimerocrinites oligoptilus 
(now the type of Dactylocrinus). D’Orbigny referred it to Hall’s Cupulocrinus, now known 
to be a transition form between the Flexibilia and the Inadunata. But Phillips recognized 
its true affinities, and it has been treated by him and those following him who understood his 
genus Tavocrinus as the best known representative of that genus, until I separated it in 1902 
on account of the radianal. The structure of the anal side had never been understood until 
then, while the relation between the anal and interbrachial plates and the perisome is now for 
the first time described. 

Temnocrinus tuberculatus is one of the best known crinoids of the fossil beds at Dudley, 
England ; it has always been much sought for by collectors, and specimens of it are found in 
the leading paleontological museums of the world. In addition to Miller, it has been figured 
by Schlotheim, Goldfuss, Murchison, Quenstedt, Pictet and Baily. 

Types. The original of Miller’s figure 1 was formerly in the Ashmolean Museum at 
Oxford, but like many other of Miller’s types is now mislaid or lost. The original of my 
figure 15 is in the British Museum, and the other specimens figured are in my collection. 

Horizon and locality. Silurian, Wenlock Group; Dudley, England. 
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MERISTOCRINUS Springer 
Plate XVII, figs. 1-9 


Meristocrinus Springer, Jour. Geology, XIV, 1906, pp. 515, 519.—Bather, Ann. and Mag. Nat. Hist., 
(8) XII, 1913, p. 389.—Zittel-Eastman, Textbook Paleontology, 1913, p. 204. 

Cyathocrinus, Angelin (in part), Icon. Crin. Sueciae, 1878, p. 23 (not Miller). 

Gnorimocrinus Wachsmuth and Springer (in part), Revision Palaeocrinoidea, pt. 1, 1849, p. 50. 


Fic. 23. Meristocrinus 


Sagenocrinidae with rays above radials separated by perisome with or 
without a few solid plates in lower part. Crown elongate, expanding above 
radials. Infrabasals recumbent, taking small part in the formation of the calyx 
wall. Radianal usually in form of an infer-radial under right posterior ray. 
Anal x followed by others in series tending to form a tube. Interbrachials few 
and small (or wanting) in lower part of areas, followed by perisome. #Primi- 
brachs three. Arms dichotomous, divergent. Column large, expanding toward 
calyx. 

Genotype. Cyathocrinus interbracluatus Angelin. 

Distribution. Silurian; Gotland and England. 

This genus is the least satisfactory of those proposed by me in 1906, and the species now 
grouped under it are a sort of hodge-podge of forms for which no better place is found. We 
are embarrassed by abnormal or imperfect specimens in most of the species, and it is by no 
means certain that they all belong together. The genus was proposed mainly to receive some 
Silurian forms with a radianal and three primibrachs. Species so constructed might perhaps, 
in conformity with what has been found advisable in some other cases, be treated as variants 
of genera with a radianal and only two primibrachs, and would then fall under either Temno- 
crinus, Protaxocrinus or Gnorimocrinus. But the species here grouped do not exactly agree 


with any of those genera in other details, so | have concluded to let the genus stand for what 
it is worth. The species designated by me as the type of Meristocrinus was the form orig- 
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inally described as Cyathocrinus interbrachiatus by Angelin. When Wachsmuth and Springer 
proposed the genus Gnorimocrinus to receive the Swedish Taxocrim two species were thus 
brought together with the same name, so they renamed this one G. loveni. With its removal 
to another genus in which there is no such clash of names Angelin’s priority must be recog- 
nized and the original name restored; therefore the type of Meristocrinus is M. interbrach- 
tatus, instead of M. loveni as formerly stated by me. 

Angelin’s type specimen proves to be misshapen from injury and reparation during life 
(Pl. XVII, figs. 1a-c), but another one since found furnishes the characters upon which the 
genus is defined (figs. 2a-d). It will be seen from these figures that this genus is near the 
border line between Taxocrinidae and the other families in about the same way as Synero- 
crinus. The anal structure is that of a tube-like series ; but because it does not originate on the 
posterior basal, from which it is separated by an anal plate suturally joined to the basal and 
adjacent brachials, the genus must be held to belong in the present family upon the principles 
already explained. The anal series is essentially similar to that of Temnocrinus; but the 
occurrence of so many different forms with an additional primibrach from several localities 
indicates that the modification is probably more than a mere sporadic or specific variation. 
In the typical form the genus may represent an intermediate step in the transition from 
Temnocrinus to the Carboniferous Forbesiocrinus. 

The five species include forms from Gotland and England. They are a heterogeneous 
lot and do not lend themselves to systematic analysis. 


Meristocrinus interbrachiatus (Angelin) 
Plate XVII, figs. 1-3 


Cyathocrinus interbrachiatus Angelin, Icon. Crin. Suec., 1878, pl. 23, figs. 2, 2a; pl. 20, fig. 78. 
Gnorimocrinus loveni, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 50. 
Meristocrinus loveni, Springer, Jour. Geology, XIV, 1906, p. 515. 


Type of the genus. 

A rather large species. Crown elongate, height to width at IIBrs, 1 to 1. 
Spread of calyx from base to [Ax, I to 3. Rays deeply rounded, interbrachial 
areas depressed. Base broad, tapering gradually to the expanded column. 
Sutures straight. Surface smooth. Maximum crown, 35 mm. high by 22 wide; 
base, 7 mm. 

IBB appearing as low pentagons above the column. BB large, but smaller 
than RR. RA smaller than R. Anal + large, followed by a vertical series not 
over half its width, adjoining right posterior ray and bordered by perisome at 
the left. iBr one or two small plates followed by perisome which extends to the 
second and third axil. RR the largest plates in the calyx. IBr 3, decidedly 
shorter than RR but nearly as wide. II Br 4 to 6, with two or more bifurcations 
above. Column large, composed next to calyx of very thin ossicles, and slightly 
narrowing downward. 


The description is made chiefly from figures 2a-c of Plate XVII, but with corroboration 
from the other specimens. The type is abnormal, and singularly enough another specimen 
of this rare species characteristic in other respects is also abnormal in the anal side (Pl. XVII, 
fig. 3b). 

Types. Riks Museum, Stockholm. 

Horizon and locality. Silurian, Wenlock Group; Faro (horizon d) and Wisby (hori- 
zon f), Gotland, Sweden. 
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Meristocrinus orbignyi (M’Coy) 
Plate XVII, fig. 7 


Taxocrinus Orbignti M’Coy, Ann. and Mag. Nat. Hist. (2), VI, 1850, p. 289; (in Sedgwick & M’Coy) 
British Palaeozoic Fossils, 1854, p. 53, pl. 1D, fig. 1—Phillips Murchison, Siluria (3d Ed.), 1850, 
pp. xx, 246, 536—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 49. 
Meristocrinus orbigni, Springer, Jour. Geology, XIV, 1906, pp. 492, 510. 


The species is not well enough known for detailed description, but in con- 
nection with the next following species it shows the existence of a form of this 
generic type in the British rocks at two distinct horizons and localities. The 
only available specimen is the type which is a natural mould of the anterior side 
only, from which [| have obtained a wax impression but not in time for figuring 
in this work. I reproduce M’Coy’s figure which is much restored, but shows 
the essential characters as they appear in the original, viz., three primibrachs, 
five secundibrachs, and a large stem with remarkably uniform columnals, not 
enlarging at the calyx; it differs in the latter respect from the other species in 
which the stem is known. 


Type. Inthe Sedgwick Museum at Cambridge, England. 
Horizon and locality. Silurian, Upper Ludlow formation; High Thorns, Underbarrow, 
Kendal, County Westmoreland, England. 


Meristocrinus minor n. sp. 
Plate XVII, figs. 8, 9 


A small species. Crown elongate, total height to width at IAx, 2.5 to 1; 
spread of calyx from base about 1 to 2; average specimen, 10 mm. high by 4 mm. 
wide; base, 2 mm. 

IBB low, like a short columnal. BB small. RR twice as large as BB, or as 
the succeeding [Br. [Br 3. I1Br 5. Anal and iBr areas distinct, the latter 
apparently without solid plates and filled with perisome. Column large, with 
conical expansion proximally, in which the columnals are very thin, becoming 
thicker and uniform below. 


I have proposed this species upon the evidence of three specimens which show great uni- 
formity in size and other ascertainable characters. The posterior side is visible only in one 
(Pl. XVII, fig. 9), and there the anal plates are indistinct, being pushed inward ; apparently 
the first anal plate is firmly wedged in between the large radials, and is followed by a vertical 
series leaning toward the right posterior ray. The latter ray plainly shows the five plates in 
succession, viz., RA+R-+31Br. The two specimens were obtained by me at Dudley in 1887, 
and referred to M. orbignyi. The subsequent discovery of a third specimen from the same 
horizon and locality, identical with them in size and stem characters, indicated a persistence 
of type which cannot well be ignored. They occur in the shales at the base of the Wenlock 
beds, a horizon considerably lower than that of M. orbignyi, which also comes from a differ- 
ent and somewhat distant locality. The expanding stem of the present species is sufficient to 
distinguish it from the last, and the very small infrabasals from the Swedish species. 

Types. That of figure 9 is in the author’s collection; of figure 8 in the British Museum. 

Horizon and locality. Silurian, Wenlock shales ; Dudley, England. 
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(?) Meristocrinus tuberosus n. sp. 
Plate XVII, fig. 6 


I have designated under this name a crushed specimen with 3 IBr and a 
strongly differentiated tube, which seems to be separated from the basal by 
another plate; yet the structure 1s not certain, and the species may not belong 
here. The radianal is different from that of the generic type, being obliquely 
to the left of the posterior radial. If the base of the anal series were entirely 
free on one side this form would be a Gnorimocrinus with 3 1Br, and might be 
placed under that genus as a variant. 


Type. Riks Museum, Stockholm. 
Horizon and locality. Silurian, Wenlock Group, horizon c; Wisby, Island of Gotland. 


(?) Meristocrinus anceps n. sp. 
Plate XVII, figs. 4, 5 


The two fragmentary specimens in the Riks Museum to which I have given 
this name have a different anal structure from any of the foregoing. They are 
of the type having three primibrachs with widely diverging arms, like the last; 
the radials are much larger and more elongate than in any other species, and the 
facet does not occupy the entire distal face. The posterior ray is not preserved 
in either to the first bifurcation, but what I suppose to be the radianal is situated 
in the oblique position, and it is pentagonal instead of rhombic. It is followed 
by two good-sized plates meeting the distal faces, and these quickly pass into 
perisome without any vertical series or transverse line of separation, but with a 
rather distinctly rounded median prominence. So far as can be seen the two 
specimens are alike in this respect, and there appears to be a definite anal struc- 
ture conformable to that of this family. They may not belong to this genus, but 
there is in them a curious suggestion of structure analogous to what is seen in 
the two abnormal specimens of VW. interbrachiatus (Pl. XVII, figs. 1c and 3b), 
where-the anal plates tend to pass into coarsely plated perisome without any 
tube intervening. 


Types. Riks Museum, Stockholm, Sweden. 
Horizon and locality. Silurian, Wenlock Group, horizon d; Wisby, Island of Gotland. 
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SAGENOCRINUS Austin 
Plates XVIII, XIX 


Sagenocrinites Austin and Austin, Ann. and Mag. Nat. Hist., X, 1842, p. 110. Ann. and Mag. Nat. Hist., 
XI, 1843, p. 205. 

Sagenocrinus, Bronn, Lethaea Geognostica, I, 1856, p. 22; Klassen u. Ord. Thier-Reiches, II, 1860, p. 231.— 
Roemer in Bronn, Lethaea Geognostica, II, 1852-54, p. 228—Pictet, Traité Paleontologie, IV, 
1857, p. 323.—Angelin, Icon. Crin. Sueciae, 1878, p. 8—Von Zittel, Handbuch Palaeontologie, I, 
1879, p. 375; Grundztige Palaeontologie, 1895, p. 130 (Sageniocrinus)—Oehlert, Bull. Soc. Geol. 
France (3) VII, 1870, p. 7, Sep. (1878), p. 2—Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. 2, 1881, p. 201; ibid., pt. 3, 1885, p. 99; Proc. Acad. Nat. Sci. Philadelphia, 1888, p. 357; ibid., 
1890, p. 388.—Jaekel, Zeitschr. deutsch. geol. Gesell., XLIX, 1897, p. 46—Bather, Geol. Mag. 
(Dec. IV) V, 1898-99, p. 428; Treatise on Zoology (Lankester), pt. 3, 1900, p. 190.—Springer, Mem. 
Mus. Comp. Zool. Harvard, XXV, Igo1, p. 71; Amer. Geologist, XXX, 1902, p. 89; Jour. Geology, 
XIV, 1906, p. 518.—Zittel-Eastman, Textbook Paleontology, 1913, p. 204. 
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Fic. 24. Sagenocrinus 


Sagenocrinidae with rays separated by interbrachial plates in wide areas. 
Crown elongate, ovoid to biturbinate. Infrabasals usually recumbent, taking 
small part in the formation of the calyx wall. Radianal obliquely under right 
posterior ray, more or less between basals, usually touching infrabasals. 
Posterior basal not materially larger than the others. Anal and interbrachial 
areas completely filled by numerous solid plates in more than one series. Primi- 
brachs two. Arms dichotomous, not abutting. Column large, not expanding 
at the calyx. 

Genotype. Actinocrinites ? expansus Phillips. 

Distribution. Silurian; England, Gotland, and the United States. 
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The most striking morphological feature of Sagenocrinus is one the taxonomic value of 
which was overlooked until pointed out by me in 1902, and that is the presence of a radianal 
interposed within the ring of basals, and usually touching the infrabasals. It thus occupies 
the same position among the Flexibilia that Thenarocrinus does among the Inadunata. The 
plate is not so primitive as the radianal of Homalocrinus, which is directly under the right 
posterior radial; whereas here it is angular above, lying obliquely below the right posterior 
radial, and abutting also upon the anal plate.. Except in one species, the radianal is interposed 
to a variable extent between the two basals, resting upon the infrabasal circlet. This fact 
was observed by Angelin without comprehension of its significance ; he described the genus as 
having “ parabasalia sex,” but his observation did not attract attention. The position of this 
plate would seem on first thought to be the most primitive of all, but it is really not so; for the 
radianal has moved out of its original position as an infer-radial, and is no longer in contact 
with the right anterior radial, but has become an element in the posterior interradius. Whether 
it remains entirely between the two basals or not is purely a matter of degree in its develop- 
ment ; its lower face varies in width of truncation, and if this narrows to a point the radianal 
becomes rhombic instead of pentagonal, and no longer connects with the infrabasals (Pl. XIX, 
fig. 5), but its essential position relative to other structures remains substantially the same. It 
is only a short step from this to an anal structure like that of Forbesiocrinus agassizi, where 
the anal plate on the longer right shoulder of the posterior basal is clearly equivalent to the 
radianal pushed upward with the enlargement of the posterior basal. Owing to the small size 
of this basal in Sagenocrinus the radianal, even when lifted up from between the basals as in 
the case above mentioned, is still below the level of the radial, touching its lower shoulder ; 
whereas in Forbestocrinus, by reason of the pronounced elongation of the basal this plate 
lies above the level of the radial, resting upon its left shoulder. This marked contrast in the 
proportions of the posterior basal in the two genera is a very important point in their 
separation. : 

Sagenocrinus differs from the antecedent genera of the family in having the inter- 
brachial areas completely filled by numerous massive plates, joined to each other and to the 
brachials of adjacent rays by suture; these rise to the height of the upper secundibrachs, 
thence passing in between the arm bases, and gradually into the plated integument of the 
tegmen. They form with the brachials an apparently solid calyx wall resembling that of the 
Camerata, and in this respect the type is the same as that of Forbesiocrinus. The arms in this 
genus are relatively long and slender, and appear as if given off from the upper edge of the 
massive calyx much like those of some Camerata. The stem differs from the prevalent type 
in this group in having no enlargement or series of very thin columnals at the proximal end- 
it commences at the calyx with alternating ossicles of nearly equal diameter, and continues 
cylindrical so far as known. ; 

The Austins in proposing the genus treated it as belonging to their family Periecho- 
crinoidea.t. Their generic description ? was not very lucid, the dorsal side of the calyx being 
unknown; they relied chiefly upon the presence of a “plated integument, which extends 
between their lower divisions (of the rays) in the same manner as the membranous web is 
stretched between the toes of many aquatic birds,’—a construction which they declare 
“clearly proves them to belong to an undefined genus.”’ This “ plated integument” is only 
the extension of the interbrachial plates in decreasing size between the rays and their divi- 
sions, and probably does not refer to any tegminal structure observed by them. In addition 
to Phillips’s S. expansus (which he had placed provisionally .with the Actinocrimtes) they 
describe a new species, S. giganteus, of which the “body-plates (were) unknown,” but in 
which “a plated integument connects the lower portions of the rays.” No further light was 
thrown upon the essential characters of the genus until Angelin’s time, although the type 


* Ann. and Mag. Nat. Hist., Ser. I, vol. 10, 1842, p. I10. 
* [bid., vol. 11, 1843, p. 205. 
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species is one of the most striking fossils of the famous locality at Dudley, England, where 
it was not uncommon; and good representatives of it were to be found in most of the promi- 
nent collections in England. 

D’Orbigny in his Prodrome Paleontologie, vol. 1, 1849, p. 46, ignored Austin’s genus 
altogether, and referred Phillips’s species to Glyptocrinus, in which he was followed by 
Murchison in 1859 in Siluria, p. 247. Bronn in the Lethaea Geognostica, 1851-6, vol. I, p. 22, 

_referred the genus to the Periechocrinidae of Austin; while Roemer in the same volume, 
p. 228, placed it under a family of its own, as did Angelin in 1878. Pictet (Traité Pal., vol. 4, 
1857, p. 323) placed it under his second tribu, Actinocriniens. Von Zittel in 1879 (Handb. 
d. Pal., vol. 1, p. 375, and Grundztige Pal., 1895, p. 130) referred it to the Glyptocrinidae. 
Angelin (Icon. Crin. Suec., 1878, p. 8) for the first time gave a description and figures show- 
ing the construction of the calyx, on the strength of which Wachsmuth and Springer (Rey. 
Pal., pt. 2, 1881, p. 201), though noting a resemblance to Tavocrinus, ranged the genus under 
the Rhodocrinidae. They considered Angelin’s statement of “sex parabasalia”’ to be a mis- 
take ; but they could not believe the sixth plate to represent an anal, “as no plate of that kind 
has ever been observed below the line of radials.” 

When in England in 1887-88 I had for the first time an opportunity to see and obtain 
good specimens of Phillips’s species, and was immediately convinced that their relationship 
was with the Flexible crinoids ; in a note to our paper on the ventral structure of Taxocrinus 
(Proc. Acad. Nat. Sci. Phila., 1888, p. 357) Wachsmuth and I referred the genus to the 
Ichthyocrinidae, in which family the whole group was then included. 

After all the shifting of opinion as to the systematic position of this genus, and its final 
settlement in a firm place among the Flexibilia, it is interesting to note that this relationship 
was perceived as early as 1841 by that sagacious observer, John Phillips, who when proposing 
for certain species his Taxocrinoid genus under the preoccupied name Jsocrinus (Pal. Foss. 
Cornwall, p. 29) said: “ Perhaps Actinocr. (?) expansus, of Sil. Researches, may be allied to 
them.” Toa similar effect was the suggestion of De Koninck and Le Hon in proposing their 
genus Forbesiocrinus (Crin. Carb. Belgique, 1854, p. 121, note), that “it is not impossible 
that Actinocrinus ? expansus, Phill., belongs to this genus.” 

So much was I impressed with the resemblance of the Dudley specimens to the American 
Forbesiocrinus agassizi that I was disposed, in view of the doubts as to the validity of the 
name “ Forbesiocrinus,” to think that all the American species described under it might be 
referred to Sagenocrinus ; a view which was substantially taken by Bather (1900, Lankester’s 
Zoology, pt. 3; p. 190), and which I afterward expressed in t901 (Mem. Mus. Comp. Zool., 
vol. 25, no. I, p. 71). In these views both of us, as well as all previous writers, overlooked 
the significance of the “sixth parabasal” of Angelin, which instead of being a mistaken 
character, as too hastily supposed by Wachsmuth and Springer, is a constant element in all 
the specimens as the radianal within the ring of basals—one of the most remarkable and 
distinctive characters to be found in this entire group. This was pointed out by me in 1902 
(Amer. Geologist, vol. 30, pp. 89, 94), and the distinction between the two genera clearly 
shown, in connection with the description of an American species from the Niagaran of 
Waldron, Indiana. This species, as there stated, is not fully characteristic in the position of 
the radianal, which does not touch the infrabasals although occupying substantially the same 
relative position. Since that time, however, a species having all the characters of the English 
and Swedish specimens has been found in the American Silurian, so that the geographical 
range of the genus is confirmed by an unquestionable species. 

In default of any constant diagnostic characters for separating them the English and 
Swedish forms must remain together under the type species as Angelin placed them, while 
those from America may be distinguished as indicated in the following analysis: 
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Tue SPECIES OF SAGENOCRINUS 


I. Sutures between brachials usually straight. 
RA completely between BB, touching IBB. 


Arms strong; RR largest plates in calyx. 
Plates: without ridges asain cncnies site on Graeac tei ete eee nin eer se S. expansus. 


Mie diantridsetupontvkgand iS raplatesnmpnnen eee eee eerie S. clarki. 
II. Sutures between Br distinctly sinuous. 
RA only partly between BB, not touching BB. 


Arms delicate; BB largest plates in calyx. 
Platesiwithout'ridges Sys ce eae acre en eee eee S. americanus. 


Sagenocrimtes giganteus Austin is not distinguishable from S. expansus. 


Sagenocrinus expansus (Phillips) 
Plates XVIII, figs. 1-9; XIX, figs. 1-3 


Actinocrinites (?) expansus Phillips in Murchison, Silurian System, 1839, p. 674, pl. 17, fig. 9; Palaeozoic 
Fossils Cornwall, 1841, p. 29—Quenstedt, Petref. Deutschlands, IV, 1876, p. 504. 
Sagenocrinites expansus, Austin and Austin, Ann. and Mag. Nat. Hist., X, 1842, p. 110; ibid., XI, 1843, 


p. 205. 

Sagenocrinus expansus, Morris, Catalogue British Fossils, 1st Ed. 1843, p. 58 (2d Ed., 1854, p. 89). — 
Pictet Traité Paleontologie, IV, 1857, p. 323—Angelin, Icon. Crin. Sueciae, 1878, p. 8, pl. 15, figs. 6, 
8, and ?PIl. 27, figs. 8a, b, PPI. 28, fig. 8—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 2, 
1881, p. 203; N. A. Crinoidea Camerata, 1897, p. 219—Springer, Jour. Geology, XIV, 1906, pl. 7, 
figs. 18, 10. 

Carpocrinus expansus, Muller, Phys. Abhandl. K. Akad. Wiss. Berlin, 1843, p. 209. 

Glyptocrinus expansus, D'Orbigny, Prodrome Pal. Stratigraphique, I, 1849, p. 46—Murchison, Siluria, 
1850, p. 247; also Salter in appendix to same, p. 535. 

Glyptocrinus ? (Actinocrinites ?) expansus, Murchison, Siluria, 1850, pl. 15, figs. 1, 2. 


Rhodocrinites verus Miller (in part), Nat. Hist. Crinoidea, 1821, p. 107, pl. 1, fig. x 


Rhodocrinus verus, Roemer in Bronn, Lethaea Geognostica, 1852-1854, p. 241, pl. 4, figs. 2a-e. 
Sagenocrinites giganteus Austin and Austin, Ann. and Mag. Nat. Hist., X, 1842, p. 110; ibid., XI, 1843, 


p. 205. 

Type of the genus. 

Specimens attaining a large size. Crown oblong, with arms infolding. 
Calyx turbinate to hemispheric, with side outline more or less curved; widest 
at Il Brs, where cross-section is circular, or slightly decagonal from the depres- 
sion of iBr and ilIBr spaces; height to width, about 1 to 1.2. Plates evenly 
curved, without radial ridges; smooth, or marked with crescentic wrinkles 
parallel with margin of plates; sutures straight and slightly beveled. Spread of 
calyx from base to I]Brs, 1 to 5. Crown of large specimen, 85 mm. high by 
53 mm. wide; base, 10 mm.; small specimen, 15 mm. by 12 mm., base, 3 mm. 

IBB visible as low pentagons in side view. BB smaller than RR; post. B 
but little different in shape from others. RA a pentagonal plate, truncate below 
and of variable width where touching IBB, and angular above where it meets 
the anal plate and r. post. R. iBr in 6 to9 ranges before passing into the tegmen; 
the first plate angular above, supporting two vertical series of gradually dimin- 
ishing plates which extend between and beyond the arm bases, and curve inward 
upon the tegmen without visible interruption; a third series is often interposed 
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between the two half-way up; similar series of plates of correspondingly smaller 
size and number fill the il] Br and il] Br areas, likewise passing into the tegmen. 
Anal area similar to the others, usually with an additional vertical series in the 
middle, at least part way. Anal + not materially different from 1Br:, and not 
larger than succeeding anal plates. RR the largest plates in the calyx; brachials 
regularly diminishing upward to the arms, which become free in young speci- 
mens about the upper I1Br, in older ones not until the next bifurcation. IBr 2; 
IlBr usually 3, exceptionally 2 or 4. Arms. long, usually infolding over the 
tegmen; rounded or somewhat angular on the back, deep, bifurcating in mature 
specimens four or five times or more after becoming free, and extending to very 
long, slender, closely coiled finials. Column large, without proximal enlarge- 
ment, composed from the calyx down of short projecting columnals alternating 
with shorter and narrower ones; 6 pairs in upper part make a length about equal 
to the diameter ; composition of distal end unknown. 


Notwithstanding this is one of the best known fossils of the famous locality at Dudley, 
there is no satisfactory type figure for the species. Miller’s is a composite formed from the 
arms of a Dudley specimen and the calyx of a Carboniferous Rhodocrinus; this was after- 
wards elaborated in Bronn’s Lethaea Geognostica, table 4, figure 2. Phillips’s specimen was 
imperfect, being a crown minus the calyx below the upper secundibrachs ; but his figures are 
sufficient, when taken in connection with the numerous good specimens now available for 
study, to determine the form beyond any doubt. I have copied his principal figure, reduced 
to the probable size of the specimen (PI. XVIII, fig. 1). The series of specimens from my 
own collection which I have figured shows the species in almost every variation of age, size, 
contour and surface preservation. The peculiar marking of the plates by concentric bands 
shown in figure 9 is seen more or less distinctly in some other large specimens, and it may 
have been a condition of mature growth; the original of figure 3 has obscure traces of a 
radiating marking on the plates, that of figure 4 a faint tubercular ornamentation. Not 
enough constancy can be found in these appearances to warrant specific distinctions. 

Some variation in the position of the radianal may be observed in the specimens ; while 
it is always in contact with the infrabasals, the relative breadth of its lower face varies, and 
in figure 5 the radianal extends higher than usual between the radial and anal x, almost far 
enough to separate them. There is also in some specimens a tendency of the first interbrachial 
in the regular areas to pass down to a connection with the basals. None of the specimens show 
any indication of the so-called “ patelloid ” processes, nor sinuous sutures, except slight traces 
in the arms. 

Angelin recognized the species among the crinoids from the Wenlock beds of Gotland, 
and figured three specimens, of all of which I have given new figures. It might be said that 
the arms seem a little heavier in the Swedish specimens than in the English, and in some the 
calyx relatively higher ; but the differences can hardly be defined specifically. 

Types. The original of Phillips’s figures in the Silurian System is said by Murchison to 
have been in the collection of Mr. Benjamin H. Bright, near Dudley, England, but I have 
been unable to trace its present whereabouts. The other English specimens figured herein 
are in my collection, and those from Gotland in the Riks Museum. 

Horizon and locality. Silurian, Wenlock Group; Dudley, England, and Follingbo 
(horizon f), Gotland, Sweden. 
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Sagenocrinus clarki n. sp. 
Plate XIX, figs. 4a-d 


A large species. In general form similar to S. erpansus, but differing 
decisively from it by having a sharp abrupt median ridge following the brachial 
series from near the radials to the arm bases. Calyx plates seem thinner, arms 
relatively shorter, and base narrower. Sutures straight in the calyx, not 
beveled; slightly sinuous in the arms. 


The unique type specimen was found near the close of the collecting in the Niagaran 
beds near Decaturville, Tennessee; it is badly crushed, but by patient cleaning I have been 
able to expose both sides so that all the essential characters may be observed. The best pre- 
served side is so much distorted that a direct figure of it would give little information, but the 
form and proportions of the plates can be accurately determined by measurement and by 
observation from different angles not possible to show in a figure. From these sources a 
careful restoration has been made from the anal side, which gives the normal contour and 
proportions of the crown. The radianal is much narrower than the adjoining basals, espe- 
cially at the lower margin, as may be seen from the restoration and diagram on Plate XIX, 
figures 4b, d; and it is relatively narrower than I have observed in any specimen of 
S. expansus. Without changing the relative positions of plates, a little further lateral crowd- 
ing of the basals would detach this plate from the infrabasals and put it in substantially the 
same position as that of S. americanus. 

The general outline of the calyx is more rotund than in most English and Swedish speci- 
mens, although when compared with a perfectly preserved and undistorted calyx of S. expan- 
sus, such as Plate XVIII, figure 3, the difference in this respect is not striking. The narrow, 
abruptly raised median ridge along the brachials is a decisive character, of which no trace 
has been seen in the other species. There is probably also a difference in the less uniformity 
of the columnals in this species ; parts of the column in several specimens of S. expansus other 
than those figured show it to be very regular in the alternation of narrow and wider ossicles 
of very uniform length. In the figure of this specimen may be seen a large number of very 
small plates scattered promiscuously over the calyx; it is not certain that they belong to it, 
but as there was no other crinoid in immediate contact it is probable they do, and if so can 
only be remnants of the tegmen pushed through between the arm bases by pressure during 
deposition at the sea bottom. 

The great similarity of many other crinoidal forms of this locality with those of Dudley 
and of Gotland would lead us to expect a greater resemblance of this species to the European 
type than to the other American species. 

The specific name is proposed in honor of Mr. Austin Hobart Clark as a slight evidence 
of my appreciation of his gréat work on the Recent crinoids. 

Type. Author’s collection. 

Horizon and locality. Silurian, Niagaran Group, Brownsport limestone, Beech River 
formation ; Decaturville, Tennessee. 


SAGENOCRINIDAE ; 221 


Sagenocrinus americanus Springer 
Plate XIX, fig. 5 
Sagenocrinus americanus Springer, American Geologist, XXX, 1902, p. 88, text-fig. 

A relatively small species. Crown elongate, with short arms. Calyx tur- 
binate, side outline straight; height to width at [1 Brs, 1.2 to 1; spread of calyx, 
t to 3. Plates smooth, without ridges; radial and brachial series with decided 
sinuous sutures. Crown, 29 mm. high by 19 mm. wide; base, 6 mm. 

IBB in erect pentagons relatively higher than in S. expansus. BB the 
largest plates in the calyx. RA obliquely below r. post. R, partly between BB, 
but not touching IBB. Anal + larger than iBr:, or the succeeding plates in anal 
area. iBr in not over 5 ranges; i11]Br few. RR much smaller than BB. [Br 2; 
IIBr 3. Arms slender and apparently short. Column large, tapering but 
slightly from the calyx, with slight alternation of thin and thicker columnals. 


As but one specimen of the species is known, it has been thought possible that some of 
the characters above given may be individual, especially the position of the radianal, which 
departs from the typical form of the genus in not being within the basal ring and therefore 
not passing down to the infrabasals. It is more probably, however, a specific character cor- 
relating with the greatly increased size of the basals, which tended to crowd it upward to 
make room for themselves. The difference in relative size of the calyx plates between this 
and the other species is very marked, the radials being the largest plates in S. expansus, while 
here the basals are much the largest; this produces a higher and much less expanding calyx, 
as a comparison of the measured proportions will show. The arms are of extreme delicacy 
for this genus, and must have been short, as they infold and disappear from view between 
the first and second bifurcations after becoming free. These features, together with its well- 
marked sinuous sutures extending from radials into the arms, impart to this form a very 
different aspect from that of any specimen of the other species. 

The position of the radianal inclined me at first to doubt 1f this species could be held 
within the genus; but further consideration showed that the difference is rather one of 
degree than of kind, and relates to a character which is somewhat variable in the typical 
species. The radianal of typical Sagenocrinus is not in the position of an infer-radial directly 
at the base of the ray and connecting with the radial of the adjacent ray, as is the case with 
all forms having the radianal in the primitive position ; it has shifted from that position, and 
although resting very low down, within the ring of basals, it lies nevertheless obliquely out- 
side of the ray, and belongs to the anal, or interradial, rather than to the radial structures. 
Variability in the extent to which it has grown either upward or downward may therefore 
well exist within the same genus. 

The type specimen is from the Waldron beds of the Niagaran at the noted fossil locality 
at Conn’s Creek, near Waldron, Indiana, and was obtained by the author many years ago from 
Dr. C C. Washburn, the veteran collector resident at the locality, whose extensive collection 
afterward passed to the University of Chicago. It is singular that among the many collections 
inade in the same beds during more than 40 years no trace of another specimen was ever 
found. The horizon is considerably below that of S. clarki, and this may-account for the great 
difference of this species from that, in all the characters wherein the latter resémbles the 
European form. 

Type. Author’s collection. 

Horizon and locality. As above stated. 
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LITHOCRINUS Wachsmuth and Springer 
Plate XX, figs. 1-3 


Lithocrinus Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 52; ibid., pt. 3, 1886, 
p. 145—Von Zittel, Grundziige Pal., 1805, p. 138.—Zittel-Eastman, Textbook Palaeontology, 1896, 
p. 164 (2d Ed., 1913, p. 204)—Bather, Rep. British Assoc. for 1898 [1899], p. 923; Treatise on 
Zoology (Lankester), pt. 3, 1900, p. 189.—Springer, Amer. Geologist, XXX, 1902, p. 95; Jour. 
Geology, XIV, 1906, p. 515. 


Fic. 25. Lithocrinus 


Sagenocrinidae with rays above radials separated all around by inter- 
brachial plates in lower part. Crown elongate. Infrabasals recumbent, taking 
small part in calyx wall. Radianal only in upper oblique position. Anal and 
interbrachial areas filled with solid plates in more than one series in lower part, 
followed by perisome passing into the tegmen. Primibrachs two. Arms heter- 
otomous, divergent ; rays in ten main divisions with branching ramules. Column 
large, cylindrical, not alternating at the calyx. 

Genotype. Forbesiocrinus divaricatus Angelin. 

Distribution. Silurian; Gotland, Sweden. 

This genus, as now defined, contains the species remaining after the removal of Litho- 
crinus obesus under the name Cholocrinus. Proposed by Wachsmuth and Springer as a sub- 
genus to include the Silurian species described by Angelin under Forbesiocrinus, its generic 
distinctness is well established and it may be better defined than we supposed at that time. 
We did not designate any type species, but this was supplied in 1899 by Bather, who pro- 
posed to restrict the genus to the type of L. divaricatus. The absence of a radianal and the 


presence of solid interbrachial plates in the lower part of the areas differentiates it sharply 
from Cholocrinus, to which it bears a superficial resemblance in the arm structures. The 
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heterotomy has become better defined, the ramules being confined so far as known to the inside 
of the dichotom; they are still irregular in size, not diminishing gradually upward; the larger 
ones apparently occur about half way up, where they become almost as large as the main arm; 
the intervals vary from four to six or more brachials, and the ramules themselves bear 
secondary ramules, sometimes as many as four, also toward the inside of the dichotom. The 
primary ramules are large and long, not greatly different in appearance from the ten main 
ray divisions. A second subdivision of the ray, and the reduction of the ramules to a small 
size regularly diminishing upward and mostly unbranched, would produce the more regular 
and definite heterotomy of Devonian and Carboniferous genera such as Dactylocrinus, 
Wachsmuthicrinus and Synerocrinus. 

The interbrachial structure is of considerable interest, as perhaps leading up to a puzzling 
condition found in the Carboniferous. It is solid in the lower part of the area, with a single 
large and well-defined plate ; following this come a number of much smaller plates, the change 
in size being abrupt and not gradual, but at the same time not uniform. And here éccurs a 
singular modification: the plates above the first interbrachial are not regular in size or shape, 
and from the first range they begin to be more or less isolated and surrounded by perisome; 
the area of solid plates diminishes until they are entirely replaced in the upper part by peri- 
some which passes to the tegmen. This structure varies in the specimens, but is beautifully 
shown by figure 3a of Plate XX, drawn from a more mature specimen than the others ; and 
it is to be compared with that of Forbesiocrinus nobilis as hereinafter described. The same 
structure is repeated in the second and higher axils. The anal area is not perfectly preserved 
in the upper part; it is very similar to the others, having one very large plate following the 
truncate basal, and the second range is differentiated merely by being a little wider and hav- 
ing a few more plates, as in Sagenocrinus and Forbesiocrinus. The stem is more like that of 
Sagenocrinus than Cholocrinus. : 

Lithocrinus is restricted to the Silurian, and has not been found outside of Gotland. 
The three species remaining in the original list after the removal of L. obesus have been 
further reduced by the suppression of L. robustus as a synonym; another, L. miilleri, must be 
ignored, as the type and only specimen cannot be found, and Angelin’s figure is probably a 
reconstruction. This leaves L. divaricatus as the only species. 


Lithocrinus divaricatus (Angelin) 
Plate XX, figs. 1-3 


Forbesiocrinus divaricatus Angelin (in part), Icon. Crin. Sueciae, 1878, p. 9, pl. 21, fig. 21; pl. 28, fig. 3 
(not pl. 26, figs. 6, 64 = Cholocrinus). 

Lithocrinus divaricatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 53.—Bather, 
Rep. British Assoc. for 1898 [1899], p. 923.—Springer, Jour. Geology, XIV, 1906, p. 515. 

Forbesiocrinus robustus Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 21, figs. 11, 12. 

Lithocrinus robustus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 53. 


Type of the genus. 

Crown elongate, widest about level of first ramule, spread of calyx from 
base 1 to 3.3. Rays and their divisions deeply rounded, heavy, widely diverging, 
tapering slowly. Cross-section above IBr pentagonal. Surface marked with 
very fine granulose wrinkles. Crown of mature specimen, 52 mm. high by 
20 mm. wide; base, 6 mm. 

IBB forming a low cylinder above column. BB half as large as RR, slop- 
ing outward, post. B truncate. Anal 4 large, rising nearly to the height of the 
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axillary [Br, followed by three plates abreast, and two or more ranges above. 
iBr one nearly as large as the anal, followed by others of irregular size, many 
of them isolated by surrounding perisome which becomes continuous above, 
passing into the tegmen; ill Br areas similarly constructed, and perisomic plates 
also occupy the axils of lower ramules. RR the largest plates in the calyx, being 
both higher and wider than iBr. IBr 3, exceptionally two. Rays long, each 
ramus bearing five or more long ramules only from inside of dichotom; these are 
heavy, unequal, branching three or four times also from inside at intervals of 
3 to 4 brachials, not diminishing regularly, but the first one smaller than the 
next. Column large, about flush with the infrabasal ring; composed from the 
calyx down of projecting columnals alternating with shorter and narrower 
ossicles, without any enlargement in upper part. 


Types. Allin the Riks Museum, Stockholm. 
Horizon and locality. Silurian, Wenlock Group, horizon f; Wisby, Island of Gotland. 
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FORBESIOCRINUS De Koninck and Le Hon 
Plates XX, figs. 4-8; XXI-XXX1; text-figs. 2a, b; 27; 29-31 


Forbesiocrinus De Koninck and Le Hon, Recherch, Crin. Carb. Belgique, 1854, p. 118—Roemer in Bronn, 
Lethaea Geognostica, I, pt. 2, 1852-54, p. 235.—Pictet, Traité Paleontologie, 1857, p. 326—Hall, 
Geol. Iowa, I, pt. 2, 1858, p. 628—Bronn, Klassen u. Ord. Thier-Reichs, II, 1860, p. 231—White, 
Boston Jour. Nat. Hist., VII, 1863, p. 497—footnete—Meek and Worthen, Proc. Acad. Nat. Sci. 
Philadelphia, 1865, p. 139; Geol. Surv. Illinois, II, 1866, p. 270-—Shumard, Trans. Acad. Sci. 
St. Louis, II, 1866, p. 371—Beyrich, Monatsber. Akad. Wiss. Berlin, Feb., 1871, p. 43 (Transl. in 
Ann. and Mag. Nat. Hist. (4) VII, 404—Quenstedt, Petref. Deutschlands, IV, 1876, p. 503; Handb. 
Petrefaktenkunde, 1885, p. 946——Wachsmuth, Amer. Jour. Sci. XIV, 1877, p. 184—Wachsmuth 
and Springer, Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 252; ibid., 1888, p. 353; 1800, p. 388; 
Revision Palaeocrinoidea, pt. 1, 1879, p. 51; ibid., pt. 3, 1886, p. 145; N. A. Crinoidea Camerata, 
1897, p. 77—Von Zittel, Handbuch Palaeontologie, 1879, p. 353; Grundziige Palaeontologie, 1805, 
p. 138.—Miller, N. A. Geology and Palaeontology, 1889, p. 246—Jaekel, Zeitschr. deutsch. geol. 
Gesell, XLIII, 1801, p. 582——Zittel-Eastman, Textbook Palaeontology, 1896, p. 164 (Ed. 2, 1913, 
p. 204).—Bather, Treatise on Zoology (Lankester), pt. 3, 1900, p. 190.—Springer, Mem. Mus. Comp. 
Zool. Harvard, XXV, No. I, 1901, p. 71; Amer. Geologist, XXX, 1902, p. 89; Jour. Geology, XIV, 
1906, p. 518. 

Proguettardicrinus ? Steinmann, Geol. Grundlagen der Abstammungslehre, 1908, p. 153. 

Not Angelin, Icon. Crin. Sueciae, 1878, p. 9 =Lithocrinus; nor Lyon and Casseday, Amer. Jour. Sci., 
XXVIII, 1850, p. 235 = Onychocrinus; nor Trautschold, Bull. Soc. Imp. Moscow, XL, 1867, 
p. 31 = Synerocrinus. 


Fic. 26. Forbesiocrinus 


Sagenocrinidae with rays above radials separated all around. Crown elon- 
gate ovoid. Infrabasals recumbent, taking small part in calyx wall. . Posterior 
basal elongated. Radianal only in upper oblique position. Anal and inter- 
brachial areas filled by solid plates in lower part, followed by perisome, or by 
solid plates extending to the tegmen; interbrachials in more than one series. 
Primibrachs three, exceptionally two. Arms dichotomous, usually divergent. 
Column large, enlarging proximally. 
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Genotype. Forbesiocrinus nobilis De Koninck and Le Hon. 
Distribution. Lower Carboniferous, from base to Warsaw Group; Bel- 
gium and the United States. 


No other genus of the Crinoidea Flexibilia has been involved in more confusion and 
misunderstanding than Forbesiocrinus, both on morphological and nomenclatorial grounds— 
so much in fact as to lead one eminent authority to suggest that the name be dropped alto- 
gether. This has resulted largely from a misconception of its relations with Taocrinus, 
together with some uncertainty as to the exact limits of the genus as represented by the 
specimens of its type species. It therefore seems advisable to give a somewhat full discus- 
sion of the characters of the two genera, with the aid of information not possessed by previ- 
ous authors ; and it is hoped that some of the difficulties which have troubled paleontologists 
heretofore may be removed. In so doing I will take up the above mentioned causes of con- 
fusion in inverse order. . 

First, as to the definition and limits of the genus: It was founded by De Koninck and 
Le Hon upon two specimens from the Lower Carboniferous of Belgium in the lowest stage, 
the limestone of Tournai. These they erroneously identified with Taxrocrinus nobilis of 
Phillips from the Mountain limestone of Yorkshire, England (Research. Crin. Carb. Bel- 
gique, 1854, p. 121, pl. 2, figs. 2a, b). They figured both specimens under the name Forbesio- 
crinus nobilis, and gave a good generic diagram based upon them. They did not discover the 
existence of the infrabasals, but described the genus as being devoid of them, and upon that 
ground distinguished it and its ally, Taxocrinus, from Cyathocrinus and Poteriocrinus ‘“ with 
which they had often been confounded.” This may be disregarded as an error due to defi- 
cient material, and to the unsuspected concealment of these plates under the column, which 
caused them to pass unobserved in genera belonging to this group by many of the earlier 
authors. Hall in 1858 (Geology of Iowa, vol. 1, pt. 2, p. 629), having several species to 
describe which he thought referable to De Koninck and Le Hon’s genus, discovered in them 
three small plates below the so-called basals. He thereupon proposed a revision of the generic 
formula so as to include those plates, which he called “ basals,” and the five others above them 
“ subradials,” in the terminology of De Koninck and Le Hon. 

The generic formula given by the authors (loc. cit., p. 118) among other things stated: 
“interradials 12 or 13; anals unknown.” The latter clause is misleading; they only meant to 
say that the total number of anals was unknown, for in their generic diagram they figure five 
ranges of these plates; and in the diagnosis of generic characters, after stating that all four 
of the ranges of “ pieces radiales” are joined to “ pieces interradiales” to the number of 
12 or 13 for each regular side, they add: “the number of pieces anales must be considerably 
more.” And they proceed further: “ That which distinguishes the anal side from the others 
is that the superior extremity of the corresponding basal piece is united to two small anal 
pieces, and that it has, in consequence, two articular facets more than the other four basal 
pieces.”’ These statements are of the utmost importance in the discussion further on. 

The two type specimens are both imperfect. That of figure 2a, in the Muséum d’Histoire 
Naturelle, Paris, shows the general character of the rays and their divisions, and the tuber- 
cular surface ornamentation, but nothing whatever of the anal or interbrachial structures. 
The other specimen, figure 2), is in the Musée Royal d’Histoire Naturelle at Brussels. It is 
somewhat better preserved as to the parts wanting in the first, but it is in an unfavorable 
condition for observing all these structures with accuracy. It is very much flattened along 
the antero-posterior axis to a thickness of 15 mm., while the width is 75 mm. ‘The authors 
figured it from the flattened anterior side where the ray is much injured ; and no interbrachial 
plates are visible on either side of this ray, but at the left of the right anterior ray may be 
seen interbrachials to the height of at least four ranges. I have figured this interradial edge 
of the flattened specimen (Pl. XXII, fig. 1c), and it shows the presence of some 8 or Io plates 
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in a more or less disturbed condition, pushed out of their natural order and sequence. The 
upper of these is no higher than the axillary primibrach, and although the two rays are pre- 
served to considerably above the second bifurcation there is no sign of any interbrachials 
between them above the level mentioned. By reason of the flattening of the specimen by 
lateral pressure the interbrachials which are shown would be forced up higher than their 
natural position, and the lines and angles of their sutures would be much altered. 

At the opposite side, where the interbrachials are similarly squeezed out of their normal 
position, only four or five are visible pushed into a vertical row to the same height as the 
others, with no indication of any plates between the rays above the level of the last primibrach 
(Pl. XXII, fig. 1d). Therefore at the most this specimen shows the presence of from 4 to 8 
or 10 interbrachials occupying the lower part of the area only. I have given a figure of the 
posterior side, which was not done by the authors (Pl. XXII, fig. 1b). The posterior basal is 
perfectly plain, angular above, followed by two plates suturally united to it, with others suc- 
ceeding them; at the right two or three more are indistinctly shown, tending to form a series 
bordering the right posterior ray. At one place a single intersecundibrach is seen. 

No other specimens were known to De Koninck and Le Hon; and upon the data fur- 
nished by the one at Brussels they constructed their generic diagram (Pl. XXII, fig. 2). 
This was substantially correct as to the form of the posterior basal and one or two ranges of 
anal plates succeeding it. It shows interbrachials in one area to the number of 10, with 3 
more indicated by dotted lines to fill out the arrangement as it was supposed to be. This, of 
course, was taken wholly from the right posterior interradius now shown by my figure Ic; 
and while it is possible to deduce such a number and arrangement from what appears there, I 
should consider this somewhat doubtful when taken in connection with the much smaller 
number just as plainly shown at the left posterior interradius. 

Since De Koninck’s time three more important specimens of this species have been found 
in the same lower limestone beds at Tournai, all of which came into my possession, and are 
figured upon Plate XXIII. Two of them are of the same large size as the types, have the 
same surface ornament and the same deeply rounded rays and ray divisions, with wide inter- 
brachial spaces between them. Each of these has the same angular posterior basal with two 
good sized anal plates suturally united to it, and two or three much smaller ones in a second 
range; and in both one or more interbrachial areas are preserved with all the plates in their 
natural position. These specimens are in good condition, having come out of a soft matrix 
readily removed by cleaning, and while somewhat broken in collecting they were easily put 
together, so that I do not think any important solid structure is missing except possibly a few 
small plates at the right side of the anal interradius. A third specimen, consisting only of 
the stem, infrabasals, and two basal plates, has the posterior basal with the same angular 
sutural margin (fig. 3). All three have the infrabasals distinctly visible. 

Tt will be observed that the primary interbrachial structures are the same in the two 
complete crowns, consisting of one quite large plate followed by three smaller ones abreast, 
with a crescentic distal margin following the curvature of the margin of the brachials with 
which they connect, and rising to about the middle of the second primibrach. Upon com- 
paring the figures of these specimens with those of the type as interpreted by De Koninck and 
Le Hon, it will be seen that the only difference between them lies in the possibly greater 
number of anal plates in the latter, and of interbrachials in one area; the other area preserved 
would have about the same number as in my specimens. There can therefore be no reasonable 
doubt that these later acquired specimens, from the same horizon and locality, represent the 
same form as De Koninck and Le Hon’s types; and we are accordingly warranted in looking 
to them for the generic and morphological characters which they exhibit so much more clearly. 

T have given the foregoing recital of facts with what may seem a wearisome prolixity of 
detail, but I have a definite reason for it. Beginning with Hall in 1858, a large number of 
species from the American Lower Carboniferous have been described by several of our best 
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paleontologists, including Lyon, and Meek and Worthen, under the name Forbesiocrinus. 
The type to which these species belong has always attracted the attention of collectors and 
authors on account of its striking appearance and well marked characters, and specimens of 
some of the species have been considered the greatest prizes in the collections. It has an even 
greater interest in connection with the critical study of the Flexibilia, because it represents 
the culmination of the solid anal structure characterizing its family, in contrast to that of the 
Taxocrinidae. Its special character is that the interbrachial areas are completely filled by 
solid plates, suturally united to adjoining rays and to each other, and passing gradually into 
the tegmen. This is the type which De Koninck and Le Hon had in mind when they expressed 
the belief (op. cit., p. 119) that in their genus the calyx extends beyond the origin of the 
arms, although it is not clearly shown by their specimens, and still less indicated now by 
mine ;—which leads to the conclusion that the Belgian species represents only an early and 
incomplete stage of that type. 

This idea is strengthened by a consideration of the stratigraphic position of the respec- 
tive types. The whole Tournai crinoid fauna as described by De Koninck and Le Hon and as 
represented in my collection and that of the British Museum, and also the other invertebrate 
faunas,* correlate in a general way with those of the lowest part of the American Lower Car- 
boniferous, from and including the Lower Burlington limestone down. ‘They bear a striking 
resemblance to the Lower Burlington—Kinderhook—Choteau— Waverly—Knobstone faunas 
as found and studied in Iowa, Missouri, Indiana, Ohio, Kentucky and New Mexico. While 
the species of the two continents are for the most part different, there is a similarity in the 
general facies, or assemblage of forms, which is striking not only for what is found, but for 
what is absent. Not a single one of the crinoid types most characteristic of the Upper Bur- 
lington or later formations has ever been found at Tournai; whereas certain types, including 
the specialized Mespilocrinus, that have never passed the Burlington are well represented at 
the Belgian locality. No competent American paleontologist, finding such an assemblage as 
the Tournai species of crinoids and blastoids in a locality in this country, would hesitate for 
a moment to place it below the Upper Burlington. 

Now it is a significant fact that the American species described under Forbesiocrinus of 
the type of F. agassizi, etc., begin in the Upper Burlington and run upwards, culminating in 
the Warsaw ; not a specimen positively known to belong to that type has been found in any 
lower formation. On the other hand fragments belonging beyond all question to the same 
type as my Tournai specimens are now known to occur in the Knobstone of Indiana and 
Kentucky, and one finely preserved and distinct species comes from the very base of the 
Lower Carboniferous in northern Ohio. This clearly distinctive geological position, coupled 
with the decided morphological difference between the two forms, indicates a progression in 
the interbrachial development of the genus analogous to what has taken place in Taxocrinus ; 
with the difference, however, that Forbesiocrinus begins at the base of the Lower Carbonifer- 
ous in about the same stage in which Taxocrinus finishes at the close of that epoch. 

The first of the new specimens (Pl. XXIII, figs. ta-e) is the one referred to by 
Wachsmuth and Springer in a note concerning Forbesiocrinus nobilis (N. A. Crinoidea 
Camerata, p. 77), and on which we based the opinion that the species was identical with 
Onychocrinus. This was upon the supposition that the rays were free above the first costal, 
and branched from the fourth distichal in curved armlets like Onychocrinus. The last obser- 
vation is not correct. The specimen is abnormal in the right ramus of the right posterior ray, 
giving rise at one place to a somewhat Onychocrinus-like cluster of branches beyond the first 
axillary, which, with the apparent freedom of the rays, certainly produces a general appear- 
ance much resembling the facies of that genus. But in the left ramus of that ray, and in the 
other specimen with the arms normal in three rays (fig. 2) as well as in De Koninck and 
Le Hons figure 2a, the bifurcation is almost regularly dichotomous. I corrected the above 
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statement in a paper on the crinoid genera Sagenocrinus, etc. (American Geologist, vol. 30, 
p- 91). This second specimen and a third one, figure 3, confirm the first in showing that the 
posterior basal is followed by solid anal plates suturally joined to it—thus clearly separating 
this species from Onychocrinus or any other Taxocrinoid. This character determines the 
affinities of the genus to be with the present family, where it may be considered as a successor 
of the Silurian Temnocrinus with the interbrachial characters of Sagenocrinus added in the 
later American species. 

Instead of having the anal and interbrachial areas completely filled with solid plates 
forming part of the calyx wall and extending to an apex high up between the rays, which 
is one of the most characteristic features of the last mentioned series of species, these plates 
in the Belgian species are limited to the lower part of their respective areas, having their con- 
tinuous margin somewhat crescentic. By comparing the lateral margins of the rays in 
specimens of the two types (Pls. XXIII, figs. ta, c,d; XXV, fig. 2; XXI, figs. 1, 2, 3), it will 
be observed that in F. agassizi and F’. saffordi these interlock with the interbrachial plates by 
angular faces and perfectly flat surfaces all the way up, producing a zig-zag suture line; 
whereas in the Belgian form this interlocking ceases at about the angle of IBr,, and from 
that point upward the lateral margins of the rays are without angles, being longitudinally 
straight, or slightly rounded toward the transverse sutures. 

There is a peculiarity in the mode of attachment of the plates or structures above the 
level of the interbrachials, which induces a strong desire to see the perisomic plates them- 
selves, which are not preserved in any of the specimens. In Tasocrinus and Onychocrinus 
the distal margins of the interbrachials are rounded and smooth, except for slight traces of 
the attachment of perisome marked by a faint line at the ventral edge of the plates. This 
line in Taxocrinus is shown in figure 6b of Plate LVII, and the actual margin of the perisome 
of Onychocrinus in figures 4 and 6 of Plate LXVII. From these it will be seen that there 
is a considerable space, equal to about the thickness of the plates, between the outer or dorsal 
surface and the perisome; or, in other words, that the perisome is attached at the inner, or 
ventral, margin of the interbrachials and lower brachials, and not at their dorsal margin. 

In Forbesiocrinus nobilis, however, the surface for attachment of perisome begins at 
the dorsal margin of these plates and extends inward for their full thickness; the distal face 
_ of the interbrachials and the lateral face of the lower free brachials is but little rounded, and 
is covered for its entire depth with strong corrugated ridges, or wrinkles, in a dorso-ventral 
direction. This is perfectly shown by Plate XXIII, figures ta, c, d, where the lateral margin 
of the ray is exposed to the third order of brachials, and in still greater detail by the various 
figures showing these faces upon isolated plates on Plate XXIV, figures 11, 12, 14, 16. The 
corrugated margin gradually diminishes in thickness until beyond the second bifurcation, 
where it becomes mingled in the rugosities and longitudinal grooves of the ventral side (see 
the same figures on Pl. XXIII, and Pl. XXIV, figs. 17, 20, 21, 22). The structure here 
described may be compared with that of the later forms of the genus in the detailed diagrams 
on Plate XXI, figures I, 2, 3. 

Now this is an entirely different marginal structure from that prevailing in the calyx 
below the distal face of the interbrachials; it usually begins at about the middle of IBr., 
below which the brachials are connected with the interbrachials, and the latter with one 
another, by angular faces and straight sutures, with ligaments lodged in deep fossae 
(PI. XXIV, figs. 2b, 3, 4, 5a, 7c, 8c, 9b, 10c). In the last figure, toc, the change can be seen 
to occur on the margin of the same plate. Thus there was at the upper line of the inter- 
brachials an abrupt and complete change in the mode of union, by which there was attached 
to the interbrachials, and to the inner margins of the rays for some distance up, some kind 
of a structure which did not consist of solid or suturally joined plates. At first I took it for 
granted that these were sutural margins for regular interbrachial plates which had dropped 
out ; but the fact that in well preserved specimens no trace of any such plates could be found 
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above the line indicated, and the striking curvature of the distal margin of the interbrachial 
areas, together with the total absence of angular faces for interlocking plates there or at 
the margins of the rays above, all negatived this supposition. 

A careful study of the markings on many plates showed that this peculiar rugose margin 
could not be a sutural surface in the usual sense. It is not in a flat plane as we must expect 
in such parts of sutural surfaces as are apposed ; there is a slight curvature in a dorso-ventral 
direction, and also a gentle rounding of the margins longitudinally, which are in sharp con- 
trast to the condition of the interlocking sutures in Forbesiocrinus agassizi and F. saffordi 
(Pl. XXI, figs. 2, 3). There is a slight, but perceptible, projecting rim at the dorsal edge 
of the plates (Pl. XXIII, fig. 1d), and a careful examination of the grooves forming the 
corrugated surfaces shows that they are rounded, with flowing lines by which in the upper 
part they connect with, or are merged into, the peculiar longitudinal grooves at the ventral 
side of the ray (Pl. XXIV, figs. 17b, 22). These markings may be profitably compared 
with those on the margin of the radials in Pycnosaccus (Pl. XI, fig. 9¢) which are definitely 
known to form the surface for attachment of interbrachial perisome. 

It is evident, therefore, that they represent lines of growth of the calcified integument 
forming the perisome of the upper part of the interbrachial areas, which in this case begins 
on the outer or dorsal edge of the plates. This produces a structure apparently different 
from that found in other genera in the thickness of the edge connecting with the perisome, 
no doubt due to the greater thickness of the perisome itself. We may have a clew to its 
origin in Lithocrinus, which has a similar large first interbrachial followed by other ranges, 
the plates of which begin to be irregularly isolated by perisome surrounding them. The 
perisome is on a level with their outer surface, and the imbedded plates are presumably as 
thick as those which are suturally united ; therefore if we could examine the sides of one of 
them we should expect to find a corrugation for their full thickness. If, instead of being 
irregularly isolated, some of these interbrachials were definitely arranged so as to form a 
crescentic line at which the perisome commenced and then filled the remainder of the area 
up to the tegmen, we should have substantially the structure of Forbesiocrinus. Comparison 
of the figure of Lithocrinus divaricatus (Pl. XX, fig. 3a) will show that this is not a long 
or improbable step. Thus the perisome in such forms as these may have been set with 
thicker plates than usual, deeply imbedded in a ligamentous mass as thick as the corrugated 
edges of the plates with which it was connected. 

This difference in the thickness of the margin is a matter of minor detail. That the 
structure was of an unsubstantial nature, pertaining to the tegmen rather than to the dorsal 
cup, there can be not the slightest doubt. It is only necessary to refer to the various figures 
of Taxocrinus on Plates LIII, LV, LVI, LVIII, LIX and LX to show what the general 
arrangement was. There we have the same crescentic margin of the interbrachial plates, 
and in figure 3a of Plate LVII may be seen the same condition that we would have if the 
perisome were preserved in our specimens from Tournai. By these the difference in number 
of interbrachial plates between the new specimens and De Koninck and Le Hon’s type, as well 
as between different areas in the latter, is also explained. Being supplementary plates, form- 
ing from time to time to fill up spaces due to the enlargement of the calyx, they vary in differ- 
ent specimens according to age; and they may vary even within the same specimen, as 
appears in the last mentioned figure 3a, which shows 5, 6 and 9g plates in the three exposed 
interradii. This further appears by the condition of the margins of the axillary primibrach 
in figures 8 and 9, Pl. XXIII, where in one case the sutural face extends part way up the 
plate, and in the other all the way; the latter would indicate interbrachials to the height of 
IBr,, the same as in De Koninck and Le Hon’s specimen. 

The longitudinal lines on the ventral side of the ray appear upon many of the isolated 
plates figured, and are very conspicuous on the detached ray in Plate XXIII, figures tc, d. 
The same structure is found in Taxocrinus (Pl. LVII, fig. 6c), and probably throughout 
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the group generally. It begins with a slight linear indentation of the plates about the upper 
primibrachs, which runs parallel to the lateral margin, becoming sharper upward and the 
lines multiplying until there are 6 to 10 sharply bounded grooves; these diminish again 
distally until in the smaller branches of the ray they are reduced to two and finally to one. 
There is nothing in these markings to indicate any such thing as a food groove as we find it 
along the arms in the Camerata and Inadunata, although in some plates the median furrow 
may be the largest. They seem rather to indicate that in these forms the perisome in the 
free part of the rays beyond the secundibrachs was firmly attached to the plates by lines of 
growth, in this manner supporting the ambulacra which in some cases may not have been 
calcified. The perisome can be seen in place on some plates from the upper part of the ray in 
Synerocrinus (Pl. XLII, fig. 5b), and I am unable to distinguish any ambulacra in those 
places. ; 
In the two principal specimens on Plate XXIII it will be noted that while the two plates 
following the posterior basal are fairly large, and are perfectly united to it by suture with 
deep fossae, their distal margin, and that of the small plates interlocking with them, have 
for the most part the same corrugated surface as already described, indicating the beginning 
of perisome. This is plainly shown in the plates at the left in figure 1a, where the corruga- 
tion is seen on the two large plates; it exists also on the corresponding large plates in the 
specimen of figure 2, although not visible in this figure, while the sutures at the small trian- 
gular space at the left, where a plate has fallen out, have deep fossae. The left side of the 
anal interradius thus had a curved, corrugated edge continuous with that of the adjoining 
primibrach, the same as in the regular areas; but this is not quite the case to the right where 
the curve does not seem to connect with the margin of the brachial, but there appears to be a 
slight curvature in the distal face of the right hand large plate, with one or two small plates 
next to it, which may have formed the beginning of a tube. 

Considering the additional anals at that side in De Koninck and Le Hon’s specimen, and 
the long series of plates bordering the right posterior radial in F. communis (Pl. XX, 
fig. 5b), it seems probable that in this form the anal plates to the right passed into a vertical 
series of varying extent, which, either directly embedded in the perisome or after hugging 
the right posterior ray to near the level of the tegmen, became the support of an anal tube 
originating not on the posterior basal, as in all the Taxocrinidae, but at some point above it 
after the intervention of other solid plates. We have such a case, with still less intervening 
sutural structure, in the genus Synerocrinus, which is about as near the border line of the 
Taxocrinidae as is possible to imagine. This is probably what happened at some point in the 
posterior interradius of every Sagenocrinoid, but it did not in most cases result in sufficient 
differentiation of solid structures to leave the evidence of it in the fossil state. The tendency 
toward the formation of such a tube is shown perfectly in later species of Forbesiocrinus, and 
the tendency of the tube to lean to the right is found in every group of the Taxocrinidae. 
This dextral series of anal plates is essentially the same thing seen in Temnocrinus, only 
extending higher up in Forbesiocrinus communis; and a comparison of the figures upon 
Plates XVI and XX is sufficient to show the great general resemblance between the two 
types. 

The morphological position of the earlier Forbesiocrinus, therefore, is clearly with the 
present family by reason of the fundamental anal structure, but with a tendency toward 
Taxocrinus in its interbrachial and higher anal structures. The later species, of which 
F. worthem may be taken as a typical example, present a type which marks the culmination 
of the division of the Flexibilia having the strong anal side. This type is the last prominent 
survivor of the Sagenocrinidae, and in its interbrachial structure might well be taken as the 
successor of the genus Sagenocrinus. The essential difference in anal structure between the 
two genera may be largely due to the longer posterior basal in Forbesiocrinus, which rises to 
about the height of the radial; so that when it is angular the first large anal plate to the 
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right (which may represent the radianal of the earlier form) is above the radial instead of 
below it. : 

The two earliest species of this type come from the Upper Burlington limestone, no 
example of it being known from the rich and abundant crinoidal deposits of the Lower 
Burlington or Kinderhook or their equivalents. One of these Upper Burlington species 
(the only one in the genus) has only two primibrachs—the celebrated and splendid For- 
besiocrinus agassizi, always considered the rarest prize of the Burlington collectors, and one 
of the most magnificent known species of the Crinoidea Flexibilia. It is essentially a 
Sagenocrinus minus the radianal, with an elongate posterior basal and a proximal enlarge- 
ment of the stem. What the line of succession was through the Devonian we do not know; 
the geological record is silent as to that; but it is evident that the increase in the number of 
primibrachs which went. on in this family from the Silurian to the Carboniferous parallel 
with the Taxocrinidae was practically accomplished in this genus as we first find it. For 
alongside of F. agassizi in the same beds there is a species persistently differing from it in 
size, in which the three primibrachs characterizing the final stage of the genus are constant ; 
and throughout the abundant Keokuk species, up to the conspicuous forms which mark its 
extinction in the Warsaw, there is no departure from this character. Therefore, whether we 
consider F. agassizi as a case of retarded development or of retrogression, it is clearly such 
an exception as may be recognized without impairing the generic unity. 

This genus affords the material for a very interesting study of the articulations and 
unions by which the plates of the calyx are connected, and by which the flexible character 
which marks the whole group is beautifully illustrated. I have for many years past secured 
all the loose plates of Flexible crinoids that have been found by the collectors at Tournai, 
where the fossils are often much disintegrated, falling to pieces when dislodged from the 
soft matrix; while unfavorable for the production of complete specimens, this results in fur- 
nishing many isolated plates with the surfaces perfectly exposed by weathering. We thus 
obtain material for the study of articulating surfaces far better than is found in most Amer- 
ican localities, where specimens intact are much more abundant. Nearly all of these plates 
belong to species of this genus, as is shown by the character of the lateral faces; a very few 
are referable to Taxocrinus, of which one complete specimen has been found. 

In the Tournai species of this genus there are five kinds of articulations or unions between 
the plates, which are fully illustrated by the various figures on Plate XXIV: 

1. Between infrabasals and the proximal or upper columnal. This is by short ligaments 
and finely striated contact areas, like that between any two-stem ossicles. I have not a speci- 
men to illustrate it in this genus, but from the appearance of the stem and attached infra- 
basals in Plate XXIII, figure 3, I assume it to be the same as in many other Sagenocrinidae 
and Tawocrinidae, being a close suture like a stem syzygy, much firmer than those between 
succeeding plates, thus causing the infrabasals to adhere usually to the stem when the 
specimen is disintegrated. 

2. Between infrabasals and basals; basals and radials; radials with each other and with 
interbrachials ; interbrachials among themselves and with primibrachs up to the angle of 
IBr,. This is a non-muscular union by connective tissue or ligament; there is a fine border 
of fine interlocking crenulation, inside of which is a deeply sunken fossa occupying a large 
part of each face of the plate, evidently for the lodgment of very large and powerful liga- 
ments or elastic tissue. On these faces only a small portion of the apposed surfaces of the 
plates is in close contact, being confined to that marked by the crenulated border, while the 
main connection is by means of a large mass of soft parts, affording the most perfect example 
of that flexible character of the calyx walls which in various degrees—probably in some 
forms almost lost—characterizes the whole group (Pl. XXIV, figs. 1a, b, 2b, 3, 5a, b, 7c, 
8c, 28c). It will be noted that this is also the mode of union between the posterior basal and 
the succeeding anal plates (Pls. XXIII, fig. 3; and XXIV, fig. 4). 
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2. Between radials and primibrachs. This is a peculiar kind of union which may be said 
to be a modification of the last, producing an imperfect muscular, or perhaps only ligament- 
ous, articulation ; there is a large dorsal ligament, and a single large ventral fossa which may 
have been occupied by muscle, though more probably by a more or less ligamentous mass. 
It differs from the succeeding muscular articulations in being unpaired (Pls. XXIII, figs. 12, 
13; XXIV, figs. 7b, 8a, 28D). This peculiar single character has a suggestive bearing upon 
the possible nature and origin of the radial plate. If it were in the right posterior ray of 
Temnocrinus or any other genus having a radianal in primitive position at the base of the 
ray, we should at once recognize in this lowest plate the lower half of a compound radial— 
the infer-radial—and would not call it, but the next one above it, the true radial. We may 
have the same thing here only extended into all five rays,—for every radial I have found has 
the same unpaired distal face. Therefore the evolution of Forbesiocrinus from Temnocrinus, 
by which the two primibrachs of the latter became what we have been calling three in the 
former, may have been accomplished by the insertion of an infer-radial in the four regular 
rays, thus making the radial in all five rays compound. In other words, the process of 
equalizing the rays in this case would be not by the elimination of the radianal of the 
Silurian type, but by the addition of its equivalent to the other rays; that is, the increase of 
primary plates in the ray would be by interpolation at the base, and not by addition at the 
distal end. 

We have a similar but more complete case in the Taxocrinidae, where the Ordovician 
and Silurian Protaxocrinus, with a radianal at the foot of the right posterior ray and two 
primibrachs all around, is modified in the Devonian and Carboniferous first by elimination 
of the radianal, producing Ewtaxocrinus with only two primibrachs, and then by the addition 
of a primary plate in the regular rays, resulting in Tavocrinus with three primibrachs. It 
may be that every increase in the primary plates of the ray was by interpolation above the 
basals, in which case only the two upper ones—the axillary and the one next below it—would 
be strictly brachials, homologous to the two primibrachs of the primitive crinoid. Never- 
theless, as it is only by a fortunate chance that we can observe the articulations of these 
parts in two or three genera, and in most of them it must always remain unknown, the evi- 
dence is not deemed sufficient to warrant a modification of descriptive terms to meet such a 
theory. 

4. Between successive brachials throughout the ray, from IBr, up. This is a paired 
ligamentous articulation, with transverse ridge, dorsal ligament fossa, and two broad liga- 
ment fossae lodging bundles of elastic ligament on either side of a vertical ridge—a modified 
articulation comparable to the articulation on the radials in the Recent crinoids ; except that 
here the fossae for attachment of muscles are too much reduced to be apparent in the fossil. 

5. Between distal margin of interbrachials and connecting lateral margin of brachials 
and the interbrachial perisome already mentioned; consisting of vertical corrugations on 
the edges of these plates for almost their full thickness at first, but gradually shortening 
upward and disappearing at about the end of the third order of brachials. There are no pits 
or fossae, and the lateral faces of the plates are not angular for meeting interlocking plates, 
as they are below where union No. 2 prevails. The change in mode of union usually occurs 
on the primibrach next to the axillary, IBr., and it may be studied in detail in the figures on 
Plate XXIV. There it will be seen that union No. 2 extends from the base to the angle on 
IBr, (figs. 7¢, 8c, 10c) ; No. 5 begins on the upper half of the last mentioned plate (fig. 10c) 
and continues upward, being shown on axillary IBr, (figs. 11b, 120) ; I1Br, (fig. 14) ; IIBr, 
(fig. 16) ; and IIIBr, or I1IBr, (figs. 21, 22). It may also be seen along the margin of the - 
right anterior ray in Plate XXIII, figure rd. From these and other specimens there has been 
constructed the lateral view of the ray margins shown on Plate XXI, figure 1, where the full 
extent and relations of the two kinds of union may be seen. It will be further noted that 
while the lower interbrachials are joined among themselves by union No. 2 (see proximal 
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and distal views of first iBr, Pl. XXIV, figs. 5a, b), No. 5 sets in among these plates at the 
same level as on the brachials (see distal view of iBr,, Pl. XXIV, fig. 6 and Pl. XXI, fig. 1). 

By giving attention to the articulations or sutural markings at the sides, one can identify 
the position in the ray of any isolated plate from the radial to the axillary primibrach, and 
approximately that of those of the second and third orders. A number of these are shown 
in their proper succession on Plate XXIV, but it must be remembered that they are not from 
the same individual, having been collected at random in the debris; therefore they are rela- 
tively disproportionate in size. In the same way from isolated plates found at an equivalent 
horizon at Button Mould Knob, Kentucky, I have reconstructed part of a ray shown in 
figures 11a, b on Plate XXIII, proving the existence here of a species essentially similar to 
F, nobilis. 

In Forbesiocrinus agassizgi from the Upper Burlington limestone the brachio- 
interbrachial union is a modification of No. 2; there is a crenulated margin inclosing a large 
fossa, which is not continuous but is broken up by a number of small facets within it 
(Pl. XXV, figs. 3c, 5f, 6¢) ; and this continues to the higher brachials, where the inter- 
brachials by gradual diminution in size merge into the perisome (Pl. XXI, fig. 2). The same 
(unpaired) articulation is found on the distal face of the radial (Pl. XXV, fig. 5¢), which 
does not agree with the theory above suggested of the homology of the last two primibrachs. 
The compound radial having disappeared in F. agassizt (which has only 2 IBr), the articula- 
tion on the distal face of R ought to be regularly double. We also find an imperfect articu- 
lation in this species at the distal face of the axillary IBr, and proximal face of II[Br,, which 
was an immovable plate suturally united to its fellow in the pair. 

The surfaces of articulation and union in the later species of this genus, with their more 
solid interbrachial structures, are also somewhat different in detail from those of Forbesio- 
crinus nobilis, In the brachio-interbrachial union the fossae are interrupted by several small 
facets tor apposition of the solid surfaces ; that is, there was more attachment of calcareous 
parts and less of ligamentous masses and therefore the calyx was less pliable. The muscular 
articulations are also not so well defined (see Pl. XXV, figs. 5e, 6d). In Forbesiocrinus 
saffordi, a very large species marking the culmination of the genus at the close of the Warsaw 
epoch, the loose articulation, No. 2, is not found, but the mode of union from the basals up 
was by means of interrupted grooves and ridges, and small modified fossae (Pl. XXXI, 
fig. 6c). There was still further diminution of mobility in this species by reduction in size of 
the ligament fossae and increase of the facets for attachment of calcareous surfaces 
(Pl. XXXI, figs. 7b, c, e, 1ob). Yet this is a matter of minor detail, the difference in plan 
not being great. 

In Forbesiocrinus nobilis we can see the remnant of a dorsal nerve canal in the arms, 
which is found in but few of the genera. It is shown in the articular face of many brachials 
in the form of a median groove running from the ventral side to the point within the plate 
where the dorsal canal should be, often becoming a distinct cavity (Pl. XXIV, figs. roa, b). 

The foregoing description and discussion has been based entirely upon specimens of 
the Belgian species from Tournai. It is now interesting to note that a form remarkably 
similar to it has been identified from isolated plates in various localities in America at the 
equivalent horizon, viz., the base of the Lower Carboniferous. At several places in the 
Knobstone of southern Indiana and Kentucky these plates have been found bearing the same 
tuberculous ornamentation, and showing the same peculiar articulations. From perfectly 
weathered specimens I have been able to reconstruct part of a ray from the radial to the 
axillary IBr, with the plates in their proper relative position as determined by the character 
of the lateral faces (Pl. XXIII, figs. 11a, b). Here can be seen the sutures with deep fossae 
for the interlocking of the interbrachials up to the middle of the IBr, where the corrugated 
margin for attachment of less solid structures sets in. Distal and proximal faces of a radial 
and primibrach are also shown (figs. 12, 13). Similar plates have been found in equivalent 
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strata at Fern Glen, Missouri (fig. 9), and at Lake Valley, New Mexico (Pl. XXIV, 
figs. 28, 29). 

Unfortunately at none of these localities have we been able to recover any part of the 
calyx intact ; but from a locality in northern Ohio of corresponding stratigraphic position we 
have a finely preserved species, the Forbesiocrinus communis of Hall, from the base of the 
Waverly at Richfield (Pl. XX, figs. 4-8). This is thoroughly distinct from the fragments 
at other American localities as to surface ornament, and from the Belgian species in other 
ways, showing a considerable modification of characters, especially in the smaller inter- 
brachial system and the distinct extension of a series of anal plates to the probable limit of 
the tegmen. It is possible that if we had specimens of the Belgian form better preserved 
in the original matrix we might find a slight extension of the anal series to the right, but it 
could not have gone far, as there are no angles for sutural attachment at the margin of the 
ray in the specimens we have. We should, however, expect individual variation in this 
respect. 

Taking the two species together, it is easy to see that the geologically antecedent form 
to which the genus is nearest related is Temmnocrinus, of which it may well be a direct 
successor. The development would be the same as from Protaxocrinus to Taxocrinus, pro- 
ducing an equalization of the rays to three primibrachs all around. With this one change, 
the two forms would fall readily under the same generic definition. 

Returning now to the first of the questions stated for discussion at the outset—the rela- 
tions of this genus with Ta.ocrinus—it may be said here briefly that the two genera represent 
the two diverging lines in the development of the anal structures of the Flexibilia, and are - 
therefore fundamentally distinct: Forbesiocrinus the stronger type of structure, in which 
the posterior basal is followed by plates united to it and to adjacent rays by suture; Taro- 
crinus the weaker, in which the posterior basal supports an anal tube bordered on one or both 
sides by perisome. In the earlier type represented by the Belgian species, with the presence 
of an anal series probably passing into a tube not originating on the posterior basal but at a 
variable height above it, we have a stage somewhat intermediate between the extremes of 
the families Sagenocrinidae and Taxocrinidae. With the wide divergence of its free rays, 
not bounded by solid plates except at the lower part, it would represent in the former family 
the tendency that Onychocrinus does in the latter. 

In the later type, containing the most numerous and prolific species, the genus repre- 
sents the culmination of its family not only in time but in structure, as Tavocrinus and 
Onychocrinus do in theirs. Here the calyx wall is extended by the growth of solid plates in 
the anal and interbrachial areas until they are completely filled, and these plates merge gradu- 
ally into the tegmen; and in this respect we have such a complete contrast with the last 
mentioned genera as the typical representatives of their family, that a more detailed 
discussion of their respective characters will be instructive. It is the more so on account of 
the confusion long existing between this genus and Ta-rocrinus, and the frequent shifting of 
species from one to the other; the comparison will therefore be made chiefly with Taxo- 
crinus, with appropriate reference to Onychocrinus in cases where the identical structures are 
better represented. 

The fundamental distinction between the two types, as already indicated, is to be found 
in the construction of the posterior basal and in the anal area, and as to the later species in 
the interbrachial areas: 

1. The posterior basal and anal area. In Forbesiocrinus the posterior basal is elongated 
and supports a succession of plates of more than one series which form a solid part of the 
calyx wall; it is of uniform thickness throughout, is angular or truncate above, and is con- 
nected with succeeding plates to the full thickness of its distal face by the same kind of 
articulation or union as it is to the other adjacent plates. Except for its usually much larger 
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size, it bears the same relation to the plates above it that the first interbrachial does in the 
regular areas. Its form, and the mode of union on its lateral and distal faces, are shown by 
text-figure 27, and on Plate XXIII, figure 3. 


28b 


Fics. 27, 28a-c 
FORMS OF POSTERIOR BASAL 


In Forbesiocrinus: 27, showing angular distal face, and mode of union. In Tavocrinus: 
28a, showing rounded socket for anal tube, with curved brachials adjoining at one side; 
28b, oblique view of same, showing how the plate slopes to a thin, rounded distal margin, 
without surface for sutural attachment; 28c, dorso-ventral section of same with base of tube 
in place. 


In most of the species the posterior basal is angular with unequal distal faces, and sup- 
ports two anal plates; but in some of the later Keokuk or Warsaw species we find it trun- 
cate, with another plate interpolated below the two. 

In a typical Taxocrinus, on the other hand, while the posterior basal is a very long plate, 
only about half of it is visible from the exterior, where the apparent upper margin is 
indented by a socket for the reception of plates of the anal tube. I formerly supposed this 
indentation to be actually in the upper margin of the plate, but some fortunate preparations 
of specimens of this genus and Onychocrinus have demonstrated that this is ordinarily not 
the case. The plate rises above it and behind the tube plates, sloping toward the interior for 
a distance often as great as, or greater than, the visible portion. The so-called socket is only 
the lower part of a shallow, median depression extending over the distal edge of the plate to 
the interior. The posterior basal thins to a narrow, rounded upper edge which is smooth, 
and is not articulated to any succeeding plates, but forms a margin for the attachment of the 
finely plated flexible perisome of the tegmen. The form of the plate and of the tube resting 
on it, now for the first time ascertained, are shown by the text-figures 28a-c, which are made 
after careful study of a number of specimens dissected to bring out these parts. Some of 
these are figured on Plate LVII, figures 4, 5, 6a, 8b, which show exactly the form and rela- 
tions of both plate and tube in the actual specimens. And in the various figures of Onycho- 
crinus on Plate LX VII may be seen how the perisome is joined to the basal, the tube, and the 
adjacent brachials. 

As the specimens are ordinarily found we see only the lower half of the basal, which 
appears short, curved or indented above. The upper half is concealed by the anal tube, 
which rests in the depression and socket (Pl. LVII, fig. 2). This may lie rarely in the 
middle, in which case the posterior basal would be symmetric; or it may lie structurally to the 
right side; or it may be displaced by pressure, and thus pushed to one side. In most cases 
the plate appears unsymmetric, with the right upper corner lower than the left. Its general 
outline in a front view is elongate, rising high between the radials, with nearly parallel sides 
above, and curving slightly outward below to meet the abutting basals. The upper face ter- 
minates in a thin, rounded margin, having no plane surface for the attachment of plates. 
This margin has a shallow median depression, which follows the sloping exterior surface of 
the plate to a socket about half way down. The notch, or socket, is a mere support for the 
anal tube, which rests in the socket and groove, usually to the extent of the first two joints. 
Whether it rests exactly in the middle or to the left or right of it determines the outline of 
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the posterior basal as usually seen in the fossil from the exterior. As the tube, in common 
with all anal structures, for some unknown reason tends toward the right, it usually leans 
in that direction, leaving the visible shoulder of the basal to the left the largest. The struc- 
ture of the tube itself will be more appropriately given under Tarocrinus and Onychocrinus ; 
it is sufficient here to say that it passes up to the tegmen, and is bordered by perisome 
extending on either side to the brachial series to which, as well as to the posterior basal, this 
connecting perisome is attached, not by angular or straight faces but by smooth and rounded 
margins. The general relation of the anal tube to the tegmen and the posterior brachial series 
in Taxocrinus is perfectly shown in T. intermedius (Pl. LIII, figs. ta, b), and in Onycho- 
crinus by the various figures on Plate LX VII. 

The general form and character of the posterior basal as above described prevails gener- 
ally in the family Taxocrinidae, and it is the morphological feature determining the structure 
on which the family is to a large extent based. It may not always be so regular as in 
Taxocrinus, and in some forms the tube socket is relatively higher, and may even be at the 
upper margin; this is the case, for example, in Synerocrinus, where the lower plate of the 
tube is joined to the truncate end of the basal, and for part of its length to the brachials, on 
account of which the genus is separated from the family. The two types of structure of the 
posterior basal are thus absolutely and fundamentally different, and cannot be mistaken for 
one another, although the condition of preservation of the fossils sometimes renders it diffi- 
cult to interpret them with certainty. The only question need be, is the posterior basal 
suturally connected with the succeeding plates, no matter how narrow the posterior area, or 
how few or many plates are in it? If not so connected, it is of the Taxocrinus type. This 
correlates with the test heretofore given, viz., the presence or absence of sutural connection 
between the anal plate and adjacent brachials. 

As a necessary result of these structures the fact follows, often very important in prac- 
tice, that the margins of the posterior rays bordering the anal interradius show marked and 
constant differences in the two genera. In Forbesiocrinus these lateral faces of the brachials 
are flat surfaces, marked to their full depth with either fossae and crenulated margins and 
facets for connective tissue, or with interlocking grooves and ridges in a dorso-ventral 
direction for similar connection (Pl. XXI, figs. 1, 2,3). They are angular all the way up in 
the wortheni type, and part way up in the nobilis type, interlocking by sutural attachment 
with solid interbrachial plates as thick as the margin of the brachial series. In other words, 
the structure at the margin of the posterior interradius is the same as in all the regular 
interradii. In Tavocrinus the structure of these margins is entirely different from that in the 
other areas; the lateral faces of the brachials are rounded and perfectly smooth, without any 
kind of fossae, crenulation or rugosity for the attachment of plates, and the border of the 
rays forms a straight line (Pls. XXI, fig. 4; LVI, figs. 4, 8a, b). They are adapted to the 
attachment of finely plated perisome at their ventral margins, for which there is a slight 
linear depression, but not of solid plates (Pl. LVII, fig. 6b). Upon this character, for 
instance, the type of Phillips’s Taxocrinus nobilis (Pl. LIV, fig. ta and especially fig. 1b) 
can be readily distinguished from Forbesiocrinus-nobilis with which it has been so much 
confounded in the literature. If in any specimen the lateral margin of the rays bordering 
the anal interradius, or of only one of them from the posterior basal up, is smooth and 
rounded, without any indication of sutural attachment of plates, it does not belong to 
Forbesiocrinus or any genus of the Sagenocrinidae. 

2. Correlated with these differences between the two genera in the structure of the 
posterior basal, there is also a difference in the disposition of the interbrachial plates. In 
Forbesiocrinus of the wortheni type these tend to fill up the spaces between the rays and their 
divisions, running nearly to an apex, gradually diminishing in size and passing without any 
abrupt line of demarcation into the tegmen (see various figures on Pls. XXVII-XXIX). 
They thus form lanceolate areas more or less filled with plates suturally connected with the 
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brachials. In Tavxocrinus this sutural connection extends for a relatively much shorter dis- 
tance (rarely above IIBr,) upward; and the interbrachials, instead of running to an apex 
tend to spread out, ending in a crescentic distal margin of fairly good-sized plates, rising at 
either end to meet the rays (PI. LIII, figs. 2-5, and various figures on Pls. LVIII, LIX). 
This distal margin is smooth and rounded for the attachment of perisome (Pl. LVII, 
figs. 8a, b), leaving no place for further suturally connected plates; and in this respect the 
difference applies to the F. nobilis type as well. This distinction becomes important in cases 
like Taxocrinus giddingei and T. ungula, in which the perisome bordering the anal tube has 
developed into rather large plates, so as to strongly resemble the posterior structure of 
Forbesiocrinus; the form of the interbrachial areas determines their generic position. 

Forbesiocrinus is characterized by a great profusion of interbrachial plates; while in 
Taxocrinus, although not always absent as supposed by De Koninck and Le Hon in pro- 
posing Forbesiocrinus, they vary greatly among species from few, or perhaps none, to such 
abundance as is seen in T. whitfeldi, T. colletti, T. wngula, T. giddingei, etc., which on 
account of the profuse development of these plates have a considerable superficial resem- 
blance to the later Forbesiocrinus. In both genera the matter of age must always be con- 
sidered—the interbrachials being supplementary plates developed to fill up spaces in the 
growing crinoid, so that a young individual of these same species may have scarcely any of 
them (Pls. XXVIII, LV, LVI, LVIII). 

Transition forms showing intermediate stages of the two structures are to be expected. 
The two species last mentioned are good examples of them from the Javocrinus side, 
especially 7. ungula with its rounded anal series imbedded in good-sized plates extending to 
the rays on either side (Pl. LV, figs. 3, 4, 6, 7); and the bordering plates are even more 
developed in the diminutive T. giddingei (Pl. LIX, figs. 2, 3). In these species, and others 
exhibiting to a lesser degree a tendency toward the Forbesiocrinus anal structure, the growth 
of definite plates along the tube always begins at the right side, never at the left; and in 
specimens where this growth extends the farthest it is always considerably short of com- 
pletion on the left side, the left posterior ray being connected by plates for only a short 
distance. In none of such cases have I seen a complete development of these plates to the 
top of the area on both sides, as in the Forbesiocrinus worthemi type. In these forms also 
the tube-facet lies nearer the upper margin of the basal than in those where I have described 
it, and its tendency is always toward the right upper corner. Doubtless if we could see the 
exact form of the plates in some of these examples we should find a tendency to sutural con- 
nection at the distal face of the basal, as we actually do in Synerocrinus. But a careful 
inspection of the figures, and better still of the specimens themselves, gives a clear impres- 
sion that these are only overgrown perisome plates, lacking the definite arrangement and 
solid appearance of those in the other areas. 

On the other hand, in some otherwise typical Forbesiocrinus, e. g., F. multibrachiatus, 
there is a tendency toward an arrangement of plates in a vertical series which, though 
bordered on either side by perfectly solid plates, often develop a line of weakness by which 
the series sometimes becomes partially detached along its left margin (Pls. XXVI, fig. 5; 
XXVII, fig. 2; XXVIII, figs. 4, 5). These cases have hitherto added to the confusion 
between the two genera, and some of the species have been shifted from one to the other 
repeatedly. With our present understanding there is not much practical difficulty in assign- 
ing them satisfactorily, the form of the interbrachial areas as above described assisting 
materially, especially in questions arising among the later Lower Carboniferous species, 
where the chief conflict may arise. 

In addition to the foregoing points of difference there is another of some importance 
in the size of the visceral cavity, as shown by the relative massiveness of the calyx wall. 
There is in both genera a gradual increase in thickness from the radials to the axillary primi- 
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brach ; thence it continues about the same to the tertibrachs, beyond which the plates gradu- 
ally become thinner; from the last level upward there is little difference between the two 
genera, but below it the plates of Forbesiocrinus are generally only about half as thick pro- 
portionally as those of Tavxocrinus. The best mode of expressing this is in the ratio of 
width of the plates—representing the circumference of the calyx—to their thickness. The 
average of measurements of several radials and axillary primibrachs of Forbesiocrinus 
nobilis and agassizi in which the relative dimensions are similar, compared with Taxocrinus 
colletti, shows the following ratios of width to thickness : 
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These relations may be better shown by the fol- 
lowing series of figures made from the radial and two 
primibrachs of F. nobilis and T. colletti, giving the 
dorsal outline together with a proximal view showing 
the full thickness of the plates. Those of F. nobilis 
are natural size; in the Taxocrinus the dorsal outline 
is natural size, while to facilitate comparison the 
proximal view is drawn to the scale of the Forbesio- 
crinus plates. In this way the great difference between 
them can be readily seen. The relative thickness of the 
plates in these forms as far as the highest tertibrach 
may be seen in the figures on Plate X XI, figures 1, 2, 
4; F. saffordi (fig. 3) being exceptional. This fact is 
of some practical importance, as it will often facilitate 
identification of the genera from fragmentary speci- 
mens, or even isolated plates. 

Forbesiocrinus exhibits an extreme development 
of the sinuous articulation in the brachial series which 
has given rise to the idea of “patelloid plates” (see 
Pls. XXII-XXIX). There is a large curved indenta- 
tion at the middle of the distal margin of each brachial, 
corresponding to a projection or process from the 
proximal margin of the succeeding plate, which in a 
moderately extended position of the ray perfectly fits 
and fills it. Where the two are in that condition the 
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: ner Showing relative thickness of calyx 
suture line between the plates, as visible externally, plates; Radial (R), first (IBr:) and 


has a double curve from the middle each way, produc- third (LAx) primibrachs in natural order 
from bottom up; a, dorsal view; b, prox- 


ing a “wavy,” “sinuous,” or “arcuate” outline imal view; 29, 30, 31, Forbesiocrinus 
(Bl XXIV, fig. 17a). This was observed by (ret ouents ooo Terai! size; 
De Koninck and Le Hon, and carefully noted in their 2, b, b, enlarged to same size as corre- 
generic description of Forbesiocrinus. They thought sponding plates of Forbesiocrinus. 

it a remarkable structure, such as had never been 

observed in any other genus of crinoids. Hall 

(Geology of Iowa, vol. 1, pt. 2, p. 630) described and figured it more fully from a specimen 
of F. agassizi, in which it is especially conspicuous, commenting as follows: 

The indentation on the upper margin does not extend throughout the thickness of the plate, but only 
to a very moderate depth, and is filled by a superficial plate which is separately articulated and sometimes 
anchylosed to the outer margin of the plate above, and lying over the suture below, somewhat like the 
patella of the knee-joint. This patelloid plate is sometimes large. In many instances there is no suture- 
line visible at the junction of the small patelloid plate with the next above; while in others, the suture is 
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clearly visible, proving it a part of the structure. Had it been otherwise, this thin projecting plate, so far 
overlapping the plate below, would have prevented all motion in a direction outwards; and since this 
structure extended into the arms, we should expect to find there the means of free movement among the 
plates. ; 

This description is fairly correct as to the facts; the only fault to be found is with their 
interpretation. That the indentation does not extend through the plate is important, and is 
clearly proved by the form of the suture at the ventral side (Pl. XXIV, fig. 17b) where 
it is a straight line without any trace of sinuosity. But, instead of this projecting process 
being “‘ separately articulated and sometimes anchylosed,” the fact is just the reverse. The 
projection is a mere extension of the dorsal side of the upper plate from its proximal face, 
thin, fragile, and tapering from its origin to a still thinner outer edge; and it is sometimes 
broken transversely from strain at death or during fossilization, so as to give the appearance 
of a separate plate. This has already been fully explained in the chapter on Morphology. 

Hall’s idea of “ patelloid plates ” was accepted by subsequent authors generally, includ- 
ing Wachsmuth and Springer (Rev. Pal., pt. I, p. 51), and Bather (Lankester’s Zoology, 
pt. 3, p. 190). Miller and Gurley dissented (Bull. 3, Illinois St. Mus., 1894, p. 47), saying 
that “the tooth-like projection, in Forbesiocrinus agassizi, is not a separate plate; there are 
no patelloid plates in any species of Forbesiocrinus ’—a correct observation for which they 
are entitled to due credit. 

Such “ patelloid’’ processes, or arcuate sutures, are not confined to Forbesiocrinus, but 
are widely prevalent throughout the whole group, and are especially strong in Taxocrinus, 
from specimens of which we have interesting illustrations of their structure. Plate LVI, 
especially figure 9, shows the presence of processes and arcuate sutures in some parts along 
with perfectly straight sutures in other parts of the same specimen, where slightly worn by 
weathering. 

The stem of Forbesiocrinus is of the proximally enlarging type, similar to that of 
Taxocrinus and many of its allies. It differs in this from Sagenocrimus and Lithocrinus, 
two of its Silurian predecessors, but agrees with Temnocrinus. The stem is large, and has 
been found’ incomplete to the length of 12 inches. The enlarged proximal columnals are 
extremely thin in proportion to their diameter, as may be seen in the figures of F. saffordi 
(Pls. XXX, fig. 16; XXXI, figs. 4a, 9), and very strongly crenulated. The union between 
the proximal columnal and infrabasals was stronger than that between infrabasals and 
basals, or succeeding connections, as already explained. The excess of organic matter in 
the latter would cause this connection to give way first in fossilization, and therefore in dis- 
integrated calices we often find the infrabasals adhering to the top of the stem. When 
the stem breaks off it is usually at one or more joints distant from the calyx, the top columnal 
remaining attached; so that we scarcely ever in this genus see the inferior surface of the 
infrabasals. This is well shown in Plate XXX, figure 5a, where the proximal ossicle is 
attached to the base, but is so thin that the infrabasal sutures show through it. 

I cannot see in the facts now known sufficient evidence to sustain the theory that the 
top columnal is a persistent proximale, and that new columnals were formed below it and 
not next to the calyx as in the existing crinoids. The union of this upper columnal with the 
infrabasals, while of the same type as that between columnals generally, may have been a 
little stronger on account of its extreme thinness, and probably became practically a fusion 
in many mature specimens where the interpolation of new ossicles had ceased. For discus- 
sion of this point see the chapter on Morphology. 

Forbesiocrinus presents a singular case of divergence from the general rule regarding 
the position of the small infrabasal. In a large number of detached bases of F. saffordi 
showing the inner surface of the infrabasals, the small plate with but few exceptions is 
located at the anterior instead of the right posterior as is usual in the Flexibilia. This is 
also the case in several specimens of F. multibrachiatus, but in other species in which these 
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plates can be observed their position appears to be normal. The specimens of F. saffordi 
have thrown important light upon the structures at the inner floor of the calyx, and the 
orientation of the axial opening leading into the stem; there are about 25 of them, all 
thoroughly weathered out of the soft matrix, so that the original surfaces are well exposed. 
At the inner floor of the infrabasals the axial opening is surrounded by a thin partition which 
arises and expands into a funnel-shaped vessel with three rounded lobes coinciding in posi- 
tion with the infrabasals, each having a broad, shallow chamber leading down toward the 
central opening (see various figures on Plate XXX). The lobe upon the small infrabasal is 
of course radial; while the other two, whose chambers pass in over the edges of the larger 
infrabasals, are interradial. The stem lumen is quinquepartite, usually dividing into five 
strongly petaloid lobes a short distance down. 

In order that the chambers of the three lobes of the funnel shall produce five channels 
in the stem, two of them must be subdivided, and one would naturally expect that these 
would be the two on the larger plates ; but that is not what happens. The lobe on the radially 
situated infrabasal divides by means of a thin median septum into two chambers, which 
encroach somewhat upon the other two lobes and pass down to an interradial position; on 
one of the others the chamber, already interradial, remains single and passes directly down, 
while the third, also interradial, is likewise divided by a septum, one branch remaining in 
its original position and the other diverging to the fifth, and before unoccupied, interradial 
side (Pl. XXX, figs. 3c, 5c, 6c, 7b, and text-fig. 2a"). ‘Thus within the three lobes five smaller 
channels are produced, all interradial, and they pass down into the stem in that position; 
they are at first not equal—the three opposite the infrabasal sutures being the largest, and 
the other two considerably smaller (figs. 3a, 5a, c), but after passing into the stem they soon 
become equal (figs. 6a, 9, 14). In F. agassizi the canals at a short distance below the calyx 
appear to be generally interradial, although the orientation is indefinite in some specimens, 
and this is probably the condition throughout the genus. 

The further taxonomic and nomenclatorial questions involving the relations of this 
genus to Taxocrinus are complicated and difficult, and it will be necessary to state them at 
some length in order to reach a conclusion which may seem fair: 

It has already been stated that De Koninck and Le Hon founded Forbesiocrinus upon 
a form which they fully described and illustrated, but erroneously identified as Taxocrinus 
nobilis of Phillips. In justifying their proposal of a new genus upon a supposedly already 
described species, they undertook to limit Taxocrinus “to those species which do not pos- 
sess interradials (interbrachials) but of which the calyx consists exclusively of basals, or of 
those and the first radial pieces, such as T. macrodactylus Phillips, and T. (Cyathocrinus) 
Rhenanus F. Roemer” (Recherch. Crin. Carb. Belgique, pp. 120, 121). This was not a 
very happy suggestion, for not only does T. macrodactylus, one of the species cited by them, 
have at least one interbrachial, but Phillips had included in his genus two other species not 
mentioned by De Koninck and Le Hon which have it likewise. Therefore on this character, 
upon which De Koninck and Le Hon chiefly relied, the separation of the new genus could 
not be upheld. Phillips did not so limit his genus, as is evidenced by the species he ranged 
under it; and M’Coy in redescribing it in 1854 (British Pal. Fossils, p. 53), definitely speci- 
fied as a generic character under Taxocrinus, that “ five hexagonal interradial plates intervene 
between the second primary radials”; and he laid stress on this, adding, “the interradial 
plates and the separation of the primary radial rows seem to separate this genus from 
Ichthyocrinus.” 

In 1865 Meek and Worthen (Proc. Acad. Nat. Sci. Philadelphia, p. 138) discussed at 
length “the genus Tavxocrinus and its relations to Forbesiocrinus.” They found the same 
objection as above stated to De Koninck and Le Hon’s definition, and concluded that the only 
difference between the two then ascertainable was in the number of interradials, and not in 


ZA, SMITHSONIAN INSTITUTION 


their presence or absence; and that “if Forbesiocrinus is to be retained as a distinct genus 
from Tasxocrinus, it will have to be separated upon some characters or differences not yet 
observed.” But they proposed to continue to use the two names—Forbesiocrinus in a sub- 
generic sense—for the sake of convenience, ranging under Tasvocrinus species without 
interradial or anal pieces as well as those with one or two each, and under Forbesiocrinus 
those with a greater number of such pieces. In 1871, Professor Beyrich (Monatsber. K. 
preuss. Akad. Wiss., Berlin, Feb., p. 43) expressed the opinion that the separation of the 
two genera could only be maintained if Taxocrinus were limited to those species in which 
the first division of the radii takes place in the third joint, while four primary radial segments 
are characteristic of Forbestocrinus. This would exclude nearly all the Carboniferous 
Taxocrini, among them the most typical species of Phillips. 

In 1878 Wachsmuth and Springer (Proc. Acad. Nat. Sci. Philadelphia, p. 254), dis- 
cussing the relations between the two genera in connection with the new form “Jchthyo- 
crinus” nobilis, doubted whether they could be separated, even subgenerically. But in 1879 
(Rev. Pal., pt. 1, p. 43) we reviewed the subject at some length, and pointed out the fact that 
in the forms considered to be Taxocrinus, being species with but few interradials, the anal 
plate had a truncated upper margin and was succeeded by from two to six similar, narrow, 
quadrangular plates longitudinally arranged; that these formed the dorsal side of a short 
and slender lateral proboscis whose ventral parts, as well as the wall supporting them, had 
never been found preserved, and evidently consisted of more fragile material; and further 
that among the species referred to Taxocrinus were not only those with few or no inter- 
radials but some with a comparatively large number. And we concluded that while on the 
anterior side of the latter specimens the construction seemed almost identical with that of 
Forbesiocrinus, “ their posterior aspect exhibits in Tasocrinus a small lateral proboscis, while 
in Forbesiocrinus the space is filled with heavy plates; in the latter an almost pentamerous 
symmetry, in Tavocrinus .... a distinct bilateral one. This we consider the best distine= 
tion between the two genera ” (ibid., p. 47). 

Von Zittel recognized the genus, both in his Handbuch, 1879, and in the Grundztige, 
1895; and in Zittel-Eastman’s Text-book, 1896, following the above conclusion of Wachs- 
muth and Springer, it was stated (p. 164) to differ from Tasvocrinus in the construction of 
the anal area. In the North American Crinoidea Camerata, 1897, however, the subject was 
further complicated by a remark of Wachsmuth and Springer in a note to page 77 to the 
effect that the Belgian species on which De Koninck and Le Hon founded the genus belongs 
to Onychocrinus. Bather in Lankester’s Zoology, 1900, does not recognize Forbesiocrinus 
as a genus, but on page 190 mentions “ Forbesiocrinus agassizi”’ which he says may be placed 
in the family Sagenocrinidae; adding that “ patelloid plates are richly developed, but are 
absent from Sagenocrinus. Otherwise the two genera agree closely.” This course was in 
harmony with my own opinion then held, as already stated under the genus Sagenocrinus, 
and in 1901 (Uintacrinus, Mem. Mus. Comp. Zoology, vol. 25, p. 71) I stated my belief that 
“the name “ Forbesiocrinus”’ will have to be given up, as suggested by Bather. The English 
species taken by De Koninck as type is a Tavocrinus pure and simple, while the two speci- 
mens figured by him from Belgium surely belong to the type for which the genus Onycho- 
crinus has been established.” Subsequent investigation, with the aid of the new material 
above mentioned, led me to reconsider this opinion both as to the validity of the genus 
Forbesiocrinus and the reference to Onychocrinus, which was a reiteration of the expression 
of 1897 above cited founded upon a misconception of the specimen now figured on Plate 
XXIII, figure 1a, as already explained. This resulted in the conclusion stated by me in 1902 
(Amer. Geologist, vol. 30, p. 90) which will be here restated: 

Bearing in mind Wachsmuth and Springer’s description of the anal side of Taxocrinus, 
and remembering that this is the main character upon which the entire family Taxocrinidae 
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is founded under my classification, let us now return to the original description by De Konincl 
and Le Hon of their genus Forbesiocrinus. In addition to the generic formula, they gave 
not only an elaborate description in the terminology of De Koninck and Le Hon, but a 
generic diagram (which I have copied on Plate XXII), together with figures and descrip- 
tion of two specimens. From these it clearly appears that the posterior basal, instead of being 
truncate and followed by a tube-like series of plates bordered by fragile perisome, is angular 
above, supporting two anal plates suturally joined to the adjacent brachials and followed by 
some others. Although they did not dwell upon this character in their discussion of resem- 
blances and differences, nevertheless the structure as above stated clearly appears in the 
generic diagram; and in the diagnosis of “caractéres génériques”’ it is given as follows: 
“Ce qui distingue surtout le coté anal des autres, c’est que l’extrémité supérieure de la piéce 
basale qui y correspond est soudeé a deux petites pieces anales et qu’elle porte, par conséquent, 
deux facettes articulaires de plus que les quatre autres piéces basales, dont aucune ne se 
soude directement aux piéces interradiales ” (op. cit., p. 119). 

It is evident from these facts that the genus as proposed by De Koninck and Le Hon is 
perfectly distinguished from Tavocrinus, and that upon structural grounds alone its validity 
should be no longer open to question. I have, however, made the above somewhat full 
extract from their description in order to emphasize the further fact that the structure 
described and illustrated is totally different from that of Phillips’s species Tarocrinus 
nobilis, under which name they erroneously identified the specimens upon which their generic 
diagnosis was founded. Considering only Phillips’s figure in the Geology of Yorkshire, 
plate 3, figure 40, with its one to three small “ interradial ” plates, and no trace of the inter- 
axillaries which led the authors to believe the calyx in their genus extended to the last arm 
bifurcation; and bearing in mind that it represented a large and mature specimen in which 
interbrachial structures, if present, would be at their fullest development ;—it must have 
been held, even with the views expressed by De Koninck and Le Hon themselves, to be a 
very different species ; and it is difficult to understand how so ardent a student of the crinoids 
as De Koninck could ever have confounded the Belgian specimens with it. 

When in addition to this we examine the type specimen in the Gilbertson collection in 
the British Museum, which I have refigured after additional cleaning (Pl. LIV, figs. 1a-c), 
showing the truncate posterior basal with the clear trace of a facet for the support of a 
vertical series of anal plates, it must become sufficiently apparent that the identity of 
De Koninck and Le Hon’s genus with the species Taxocrinus nobilis is absolutely negatived 
by their own description and diagram. And if to these facts we add the further evidence 
afforded by my new figure of one of the types showing the actual construction of the anal 
side in the original specimen, and in my own better preserved specimens, the above con- 
clusion becomes irresistible. As if to make assurance doubly sure, I received from M. Piret 
after the foregoing paragraph was written an additional piece of confirmatory evidence in 
the shape of a good specimen of an unquestionable Taxocrinus from the same beds at 
Tournai, the first one ever found (Pl. LIV, figs. 2a, b). It shows that the two genera existed 
side by side in the Tournai limestone; and if De Koninck had had this specimen in hand he 
would never have confused his others with Phillips’s species. 

We may therefore take this fact as proved, viz. that the Belgian type upon which 
De Koninck and Le Hon founded their genus is not identical with the English species of 
Phillips to which they referred it; or, in other words, that Forbesiocrinus nobilis De Koninck 
and Le Hon and Taxocrinus nobilis Phillips are two entirely different species. 

With this proposition established, we are in a position to consider the question of the 
validity of the name Forbesiocrinus. As to this two courses are open, for each of which 
good arguments can be given: 

1. De Koninck and Le Hon established the genus on Phillips’s Tasxocrinus nobilis as 
the type and only species. This has the characters of Taxocrinus and must remain in that 
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genus. Therefore Forbesiocrinus is without a type species—its type belonging to a prior 
genus ; it becomes a synonym of that genus and must be abandoned. Or— 

2. True, the authors believed their type species to be the same as Phillips’s species, listed 
it as such in the synonomy, and noted its occurrence as from both English and Belgian locali- 
ties. In this they were mistaken. But they described their species under the name Forbesio- 
crinus nobilis, from original material, with good figures, and also gave a clear generic 
description and diagram founded wholly upon their own specimens and not in any wise upon 
the characters of the English species, which although erroneously identified by them, is in 
fact totally different. Hence the error of the authors was not in their definition, but in their 
synonymy; and notwithstanding De Koninck and Le Hon’s statement the type species is 
not, and never could have been, Taxocrinus nobilis Phillips, but is Forbesiocrinus nobilis 
De Koninck and Le Hon;—a name attached to a definite form, with adequate description 
and figures. Thus we have a genus duly published, with a diagnosis, a generic diagram, and 
a described and figured species under it; therefore the name is valid, and stands for the type 
and species which the authors actually figured and described, regardless of what they called 
it in their synonymy. 

In these circumstances to hold the name invalid, so as to warrant the proposal of a new 
one in place of it, would in my opinion be invoking a very narrow and doubtful technicality 
for an unnecessary and insufficient purpose; whereas to maintain the name will not only 
leave the credit where it belongs and avoid much needless confusion, but will be consistent 
with the spirit of the International Code, and in my opinion in no wise countervailed by its 
letter. This was the view I adopted in 1902, and further consideration has shown me no 
reason to change it. 

The earliest known occurrence of this genus, as before stated, is in the Mountain lime- 
stone of Belgium, and in the approximately equivalent Waverly—Choteau—Knobstone of 
the United States. The I’. wortheni type begins in the upper division of the Burlington 
limestone; and although crinoids in the lower division are very abundant, finely preserved 
and of great variety, not a specimen belonging to this type has been found from it among 
all the great collections made at the typical locality during the past 50 years. This type 
reached its culmination in the Keokuk limestone, both in abundance and variety, and ended 
in the Warsaw; it is found in fine preservation at many localities in Iowa, Illinois, Missouri, 
Indiana, Kentucky, and Tennessee. The specimens in the Warsaw are usually large, and of 
striking appearance. Some of the species described are exceedingly well marked, while 

-others are poorly defined, and some undoubtedly synonyms. The genus has never been 
recognized in either the St. Louis or Kaskaskia, although in the literature several species of 
it will be found recorded from those formations. It is one of the most conspicuous forms 
of all the Carboniferous Flexibilia, being rivaled only by Onychocrinus of the Taxocrinidae. 

The specimen described by McChesney as Forbesiocrinus prattent is not from the Car- 
boniferous of Alabama as stated in the description, but from the Helderbergian of western 
Tennessee, and is a Camerate crinoid, Scyphocrinus. 

The types represented by F. nobilis and the later species like F. wortheni fall into two 
rather sharply differentiated sections, which might upon some grounds be placed in different 
genera. But as in other strong Carboniferous genera, like Taxocrinus and Onychocrinus, it 
has been found best to admit a wide range of variation in the interbrachial structures rather 
than to subdivide them upon too fine distinctions, I think it preferable to do so in this 
case, especially as we thus avoid changing the generic name of a large number of species, 
including those by which the genus is best known. 

The number of described species remaining under this genus is rather large; some are 
clearly synonyms, and in many of those retained the characters are not easy to define, being 
mainly founded upon slight variations in form and proportions which shade into one 
another. Ten species are recognized, which may be arranged as follows: 
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THE SPECIES OF FORBESIOCRINUS 


I. Solid anal and iBr plates confined to lower part of areas. 
iBr areas narrow. iBr few. 


Surriaes Smooln, Speers Sells; oooacaoscnavcago0cuve0upo0dG F. communis. 
iBr areas wide. iBr well-developed. Surface pustulose. 
Specimen smlarcemran rere rInt rete ack ierei cers ecm er F. nobilis. 


II. Anal and iBr areas filled with solid plates connecting with tegmen. 
Calyx plates elevated. : 
Rays prominently elevated. 
Calyx obtusely pentagonal. 
R and lower Br long. 


Calyx plates nodose. 
Specimensmlarcesmallsrmaherseei sisson esc aed cs ee aera F, agassizi. 


Spconnens Gill Ir). ooogoocucoecnsoocddDUDCOS F. burlingtonensis. 
Rays but slightly convex. 
Calyx obtusely decagonal, subglobose. 
R and lower Br short and wide. 
Calyx plates slightly rounded. 
Arms long, flat, abutting. 


Cally sais Ont rea. cyacvel siete Creve dereucials Slapsl anos arate ereneltmocgeet lee F. worthen. 
Arms rounded, separated. 
Calpe ANG Bans nu ca ahlon eh coc cars Caen rics F. multibraciatus. 


Calyx plates tumid. 
Arms flat, delicate, abutting. 


Cally sani gle tyac-etr cv posetorsvslers os syslexcieys amevsisineicstoners F.. washingtonensis. 
Calyx circular, conical. 
Amms motmaleal, welll sepematracl 55 o0c0cc000cgaccob0cKK00dS F. pyriformis. 
Calyx plates flush with general curvature. 
Calvxe S1ODOSE PCIE CULAI ecayeyeuayaueeroueiae or siale erersenierthnsiateulecyeqe ole F. greene. 
Calyx lobed, pentagonal. 
INUB ie, piKommas Ah? COMES 0 odo000s000dcsG000 000600000 00CaC F. saffordi. 


Forbesiocrinus communis Hall 
Plate XX, figs. 4-8 


Forbesiocrinus communis Hall, Prelim. Notice 17th Rep. N. Y. St. Cab. Nat. Hist., 1863, p. 6 (Final Rep., 
1864, p. 55).—Hall and Whitfield, Geol. Surv. Ohio, Pal. II, 1875, p. 160, pl. 12, figs. 4, 5 (not fig. 3). 

Taxocrinus communis, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140——Wachsmuth 
and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 48. 


A rather small species. Crown spreading to top of first I] Br, where height 
to width is I to 1.5. Spread of calyx from base, 1 to 5.5; rays and-their divisions 
deeply rounded, with wide spaces between them. Surface smooth; sutures more 
or less sinuous, not beveled or imbricated. Maximum crown to fourth bifurca- 
tion, 32 mm. high by 22 mm. wide; base, 4 mm. 

IBB low pentagons as seen beyond the column. BB not over half the size 
of RR, except post. B which is larger than the others, angular above, supporting 
2 (sometimes 3) rather small plates suturally united to adjacent Br; these are 
followed at the right side by a series of small plates united to r. post. ray which 
may extend as high as the second bifurcation. Primary iBr one large plate, 
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with a small one in second axil; the remainder of the areas above this and those 
in anal interradius followed by perisome. IBr 3; II] Br 4 or 5, with two or more 
bifurcations beyond; rays strong at first, diminishing rapidly at each bifurca- 
tion, and the divisions widely separated. Column expanding above, with very 
thin ossicles which become longer and alternating after about the first twenty. 
Limits and characters of tegmen unknown. 


Hall described under Forbesiocrinus communis two widely distinct species, his figure 3 
being a Taxocrinus, while figures 4 and 5 fall under the above description. The specimens 
occurred in a layer of bluish grey, argillaceous limestone in the lowest part of the Cuyahoga 
shale at the base of the Lower Carboniferous. They were associated with a fauna which, 
independent of the crinoids, was declared by the late Professor C. L. Herrick (who made a 
special study of the Cuyahoga formation in connection with the Ohio Geological Survey) 
to bear an “unmistakable resemblance to the so-called Sub-Carboniferous of Belgium, 
especially to that of Etage 1, the Limestone of Fornai [Tournai] ” (Bull. Geol. Soc. 
America, vol. 2, 1890, p. 39). The locality produced a considerable variety of crinoids, 
and the specimens were well preserved, as may be seen by reference to those figured on 
plates 11 and 12, vol. 2, of the Paleontology of Ohio. They were evidently deposited in 
a fine, calcareous mud, upon a quiet sea bottom; the calyx plates were but little disturbed 
and usually the arms and stems were attached, although few in that state were secured by 
the collectors. This matrix is rather firm and homogeneous, favorable to the preservation of 
the finer parts, but its color is so near that of the fossils themselves that it is impossible to 
clean them so as to show such delicate structures as the finely plated perisome; but every- 
thing in the way of solid plates can be uncovered with precision, 

The five specimens of this species figured herein have been cleaned with the utmost care, 
with a view to ascertaining the exact nature of the structures between the rays. One effect 
of this may be seen by comparing my figure 5b on Plate XX with Hall’s figure of the same 
specimen on plate 12 of the Ohio Report, in which the anal structures above the posterior 
basal are not shown at all, not having been exposed on the specimen until now. I mention 
these details to support the statement that in my opinion the plates of the interbrachial and 
anal areas shown by the figures are substantially all the solid plates existing in this form 
between the rays, although I have not been able to actually identify the perisome connecting 
with them. The series of plates following the first range of anal plates along the left margin 
of the posterior ray are suturally united to it certainly to the height of the first secundibrach 
(Pl. XX, figs. 5b, 6,7). The left margin of this series is rounded without the slightest indi- 
cation of any angular or sutural face, but on the contrary it is just such an edge as we find 
along the distal face of interbrachials in Onychocrinus and Taxocrinus, and at the margins 
of the rays in Temnocrinus, where we know that perisome was attached. The same thing 
is true of the other ray margins, which are all rounded with no sign of sutural attachment 
above the interbrachial plate. These facts lead to the conclusion that the remainder of the 
anal area was not filled by solid plates, but by perisome adjoining the margin of the series 
of plates which we see in figures 50 and 6. 

The superficial resemblance of this species to Temmnocrinus is quite strong. A slight 
upward extension of the anal series of the latter, and the interpolation of an infer-radial in 
the four regular rays, will produce this form in all essential characters. It is well distin- 
guished from the Belgian species by its single interbrachial and greater extension of the 
dextral anal series, as well as by its smooth surface. ; 

Types. Hall’s originals (Pl. XX, figs. 4, 5) are in the New York State Museum at 
Albany. The other specimens figured are in the author’s collection. 

Horizon and locality. Base of Lower Carboniferous, Cuyahoga shale; Richfield, Ohio. 
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The fact that in a prominent text-book of paleontology a widely different horizon is 
given for this and several other species renders it advisable to append a more detailed state- 
ment as to the geological position of the Richfield, Ohio, crinoids. The protracted contro- 
versies relative to the Waverly Group of Ohio have given rise to some curious differences 
of opinion as to the actual horizon of the crinoids from Richfield, Summit County, in north- 
ern Ohio, described by Hall in the 17th Report of the New York State Cabinet of Natural 
History, 1886, and afterward in volume 2 of the Paleontology of Ohio. At the time these 
descriptions appeared, it was taken for granted that the specimens were derived from a 
horizon approximating in a general way the Kinderhook of the Mississippi River region— 
a formation which was considered by Hall, White, and the earlier geologists to be late 
Devonian, equivalent to the Chemung of New York. Later, Meek and Worthen demon- 
strated to the satisfaction of geologists generally the Carboniferous facies of this forma- 
tion—a conclusion which was afterward strongly confirmed by Professor Calvin? in 
connection with his discovery of an undoubted Devonian (probably Chemung) equivalent at 
Lime Creek, Iowa, underlying the Kinderhook beds. 

The peculiar character of the crinoid fauna at Richfield was quite consistent with such 
a geological position, and no one familiar with the stratigraphic range and distribution of the 
crinoids saw any reason to doubt the correctness of the original interpretation. Hall himself 
in his preliminary notice (17th Report, p. 51), after reviewing the evidence afforded by the 
entire collection, said: “ I should infer that the geological position of these species is between 
the Hamilton Group and the Lower Carboniferous beds.” When it was found, however, that 
the term “ Waverly ” had been extended in Ohio to include a number of beds in central and 
southern Ohio which were undoubted equivalents of the Burlington and Keokuk of Ohio 
and Illinois, there was a disposition in some quarters to refer the Richfield crinoidal beds, 
which are in part of a bluish grey color, to the Keokuk Group. This was done by Cooper in 
1888 (Bull. Laboratory of Denison University, vol. 4, p. 123), who located them in the upper, 
or Keokuk, subdivision of the Logan division of the Waverly. 

In 1891 Professor C. L. Herrick (Bull. Geol. Soc. America, vol. 2, pp. 31-48), as the 
result of an extended and special field investigation, made a determination of the question 
which ought to be conclusive. He showed that the crinoids from Richfield are derived from 
a horizon of slow and uninterrupted transition from Devonian to Carboniferous—a period 
of almost continuous sedimentation, wherein the disturbances “‘ were neither violent nor 
extensive enough to seriously interfere with the peaceful evolution of types” (p. 32) ; that 
they occur in the Cuyahoga shales (p. 42) ; that he can “ positively assert that the Cuyahoga 
shale as represented in the northern tier of counties (Summit, etc.) is identical with that part 
of the Waverly lying below Conglomerate I—7. e¢., below the undoubted actual equivalent of 
the Kinderhook of central Ohio” (p. 37). And he adds on p. 36: “ The work of the pres- 
ent season has happily set the general question quite at rest, and will doubtless shed a flood 
of light on the affinities of the crinoids of the Cuyahoga which have caused so much discus- 
sion. Their curious resemblances to the Devonian species and the strange commingling of 
Carboniferous characters can no longer be regarded as abnormal.” 

Notwithstanding the evidence furnished by these investigations, and contrary to the 
most palpable faunistic indications of the fossils themselves, S. A. Miller in the Second 
Appendix to his North American Geology and Palaeontology, 1887, referred every one of 
these Richfield crinoid species to the Keokuk Group; and afterwards in Bulletin 12 of the 
Illinois State Museum, p. 11, it was stated by Miller and Gurley that the rocks of the Rich- 
field crinoids “are now known to belong to the Keokuk.” This involves the position of four 
species of the Flexibilia. Of these “ Forbesiocrinus” lobatus var. tardus is a clear survival 
of a Devonian type, Dactylocrinus, while “ F.” communis, in part, represents the most primi- 
tive type of Forbesiocrinus, in no way comparable to the mature forms of that genus found 


* American Jour. Sci., June, 1883, p. 432. 
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in the Keokuk. Among Camerata, Hall’s “Actinocrinus” vimuinalis is an Amphoracrinus, 
and his “A.” daphne is a Cactocrinus—two genera which do not pass beyond the Lower Bur- 
lington, and the latter of which is found in the Kinderhook of lowa. “A.” helice is an 
Aorocrinus, a genus which begins in the Devonian and ends in the Upper Burlington. Not 
a single species, or type, of the entire crinoidal fauna resembles in the slightest degree those 
characteristic of the Keokuk. In 1902, in a letter to me discussing the subject, Professor 
Herrick wrote: “ You may quote me as verifying the Kinderhook age of the lower beds at 
Richfield upon ample palaeontological evidence.” 


Forbesiocrinus sp. 
Plates XXIII, figs. 11-13; XXIV, figs. 28, 29 


I have figured some fragmentary specimens from the Knobstone formation of Indiana 
and Kentucky which while not sufficient for specific definition prove the presence of the 
genus in those rocks. The fossils occur in thin bands of shale and limestone; they are for 
the most part much flattened, usually crushed so that on weathering they become disin- 
tegrated and are found as scattered plates among the debris. The most careful search made 
by three different collectors has thus far failed to locate the crinoids in place so that they 
could be obtained in better condition by quarrying. These fragments were associated with 
Wachsmuthicrinus, Mespilocrinus (both mainly Lower Burlington genera), and a large 
assemblage of Inadunate and blastoid species of distinctly Lower Burlington and earlier 
types. 

The most important of these fragments is the reconstructed ray, Pl. XXIII, figures 
Ita, b. It contains only the first four primary plates, and these not from the same indi- 
vidual; but the succession of interlocking angular faces for two ranges of interbrachials with 
sutures of deep ligament fossae up to the middle of IBr,, followed by a corrugated margin 
on the remainder of that plate and the axillary primibrach, shows beyond any doubt a struc- 
ture identical with that of the type species. There is nothing else with which it might be 
confounded. The relative thickness of the plates, 0.3 to 1 in width for the radial, is decisive 
against their belonging to any Tavxocrinus. The surface ornament is almost identical with 
that of F. nobilis, and appreciably different from that of certain fragments from the same 
locality which, on account of the greater thickness of the plates, I have referred to Tavxo- 
crinus (Pl. LIV, figs. 19a, b, c, 20). There was evidently a considerable variety of Flexibilia 
in these beds, and if we had the specimens entire they would doubtless add much to our 
knowledge of these forms. 

I also figure (Pl. XXIV, figs. 28, 29) two plates belonging to forms of this genus from 
equivalent strata at Lake Valley, New Mexico; and another (Pl. XXIII, fig. 9) from 
Fern Glen, Missouri. 
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Forbesiocrinus nobilis De IKoninck and Le Hon 
Plates XX1, fig. 1; XXII, figs. 1-4; XXIII, figs. 1-8, 10; XXIV, figs. 1-27 


Plante polypiere, Witry, Mem. Acad. Imp. et Roy. Bruxelles, 1780, T. 3™°, p. 18, pl. 3, fig. 3. 

Forbesiocrinus nobilis De Koninck and Le Hon, Recherch. Crin. Carb. Belgique, 1854, p. 121, pl. 2, figs. 
2a, b—Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 139; Geol. Surv. Illinois, IT, 
1866, p. 271.—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 52; N. A. 
Crinoidea Camerata, 1807, p. 77, pl. 8, figs. 6a-c——Springer (Taxocrinus nobilis), Amer. Geologist, 
XXX, 1902, p. 90. 


Type of the genus. 

Specimens of large size. Crown elongate, rapidly spreading; with rays 
folded widest at top of I[Ax, where height to width is about 1 to 1.6; spread from 
base, I to 3.5; cross-section quinquelobate. Rays and arms stout and deeply 
rounded; interbrachial areas wide and depressed above iBr. Surface finely 
pustulose. Crown of mature specimen, 90 mm. high by 45 mm. wide when 
folded; would be much wider if rays expanded; base, 13 mm. 

IBB low, slightly visible above column, resembling a thickened proximal 
columnal. BB large, upper angle acute, sometimes tongue-like with curving 
sides; post. B much the largest, angular, supporting two good-sized plates, with 
a few smaller ones above probably extending into a tube. iBr not extending 
higher than the axillary [Br, usually limited to about 4 to 9 plates, one large 
with one or more ranges of smaller ones succeeding; il] Br usually present. 
RR larger than BB. [Br 3, increasing in width beyond iBr; [1 Br 4; [11 Br 6 to 8, 
with three or more bifurcations beyond; higher brachials becoming short and 
deep. Column large, expanding next to calyx, where the columnals are very 
thin, 2 to the mm. for a distance of about 30 mm.; below this alternating with 
somewhat longer ossicles. Integument above iBr not preserved, and tegmen 
unknown. 

The literature and morphological details of the species have been discussed under the 
genus. In the figures of De Koninck and Le Hon the surface ornament appears somewhat 
coarser and sharper than it is upon the original of their figure 2b, or upon my better pre- 
served specimens. 

Types. The original of De Koninck and Le Hon’s figure 2b (Pl. XXII, figs. 1a, b) 
is in the Musée Royale d’Histoire Naturelle, Brussels ; that of their figure 2a in the Muséum 
d'Histoire Naturelle, Paris. The other specimens figured are in the author’s collection, and 
were collected during a series of years by M. Ad. Piret, of Tournai. 


Horizon and locality. Lower Carboniferous, Etage 1, Tournai limestone; Tournai, 
Belgium. 
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Forbesiocrinus agassizi Hall 
Plates XXI, fig. 2; XXV, figs. 1-6; XXVI, figs. 1-2 
Forbesiocrinus agassizi Hall, Geol. Surv. Iowa, I, pt. 2, 1858, p. 631, text-fig. 103; Supp. Geol. Iowa, 1860, 
p. 65; Bull. I, N. Y. St. Mus. Nat. Hist., Photo. Plates, 1872, pl. 7, figs. 1, 2—Meek and Worthen, 
Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140——Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. I, 1870, pp. 45, 52; N. A. Crinoidea Camerata, 1897, p. 77.—Keyes, Geol. Surv. Missouri, IV, 
1804, p. 224, pl. 30, fig. 3—Bather, Rep. British Assoc. for 1898 [1809], p. 923; Treatise on Zoology 
(Lankester), pt. 3, 1900, p. 190.—Springer, Amer. Geologist, XXX, 1902, p. 89; Jour. Geology, XIV, 
1906, p. 489. : ; 
Forbesiocrinus Agassizi var. giganteus Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1861 
(1862), p. 131; Geol. Surv. Illinois, III, 1868, p. 495, pl. 18, fig. 3. 


apap. A very large species. Crown elongate, 
with long arms. Rays strongly convex and 
prominent; iBr areas depressed. Calyx mod- 
erately spreading from the column to greatest 
| width at about I] Brs, where average height to 
width is about 1 to 1.6; height to width of calyx 
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elevated in the middle, while flat toward the 
margin; those of iBr round, and of Br trans- 
versely elongate. Brachial sutures deeply 
sinuous, with patelloid processes large. Base 
flush with column facet. Dimensions in milli- 
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meters of a very mature specimen with arms 

folded at about the fourth bifurcation, and of 

the smallest. of fourteen specimens, similarly 

folded, are as follows: Large specimen; height 

of crown, 10 mm.; of calyx to top of i1IBr, 65; 

mee width of calyx, 62; of base, 18; column below 

Forbesiocrinus agassizt taper, 12. Small specimen; height of crown, 

65; of calyx, 50; width of calyx, 50; of base, 12; column below taper, 8. Arms 
of a large specimen outstretched to near the end, 85 mm. 

IBB flat like a columnal, without visible angles and scarcely distinguish- 
able. Regular BB small, appearing as low pentagons, or as triangles; post. B 
about as high as RR, angular above, with right shoulder the longest; it is fol- 
lowed by two large anal plates, and these by others in ranges of 3, 4 and 5 
abreast, gradually diminishing and passing into the tegmen at about the upper 
I11Br. First iBr about the size of first anals, followed by similar plates to the 
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same height as in the anal area, and about one plate less in width at correspond- 
ing levels; ilI[Br areas similar and proportionally smaller. RR and [Br three 
or four times as large as BB, and fairly uniform in width. Height of B to R 
(H@) IVAN, TBARS BART, 

IBr 2; II]Br usually 3, exceptionally 4. All brachials below [VBr more 
than half as high as wide. Ina large specimen the height and width of the suc- 
cessive plates are as follows: B, 3.5x9; R, 10.5x12; I1Br., 9x12; IBr:, 
TO sx Tae WB, Sox wos WN, Hoes Wisie, AxOs Wise, Axcis Wilaie, 5 <i 
VIIBr, 1.2 x 1.5; thus while the lower and more distal brachials are nearly as 
high as wide, the intermediate ones, about where the free arms commence, are 
relatively much lower and wider. In another equally large specimen where the 
full connection cannot be traced, there are arms toward the distal end with 
brachials about 1 mm. high and wide, and 2 mm. deep. The number of brachials 
of the successive orders in the ray follows a fairly definite rule for the two 
branches of the dichotoms, viz.: I] Br usually 3; then 4 or 5 and 7 or 8 IIIBr, 
the larger number at the outer side of the dichotom; 5 to 8 and 10 to 15 [VBr, 
with the smaller number at the outside; 8 to 12 and 15 to 20 VBr, the smaller 
number still at the outside. There are two or more bifurcations beyond this, 
with arms tapering very gradually and becoming very deep. Column large, 
tapering from the calyx; proximal columnal the same diameter as the infra- 
basal ring, which is scarcely distinguishable from it, and usually, but not al- 
ways, adhering when the stem is displaced; upper columnals extremely thin, 
numbering 25 in the first 10 mm. diameter in about that distance, beyond which 
the column becomes cylindrical; there a slight alternation of thicker and thinner 
columnals begins, gradually becoming more pronounced downward; but at no 
place are the ossicles very thick, and all are smooth and of even diameter. When 
weathered they show strong crenulation at the ends of the radiating striae of the 
joint faces. 

This species has always been esteemed by collectors the finest fossil in the Burlington 
limestone, and with the possible exception of F. saffordi it is the largest crinoid known among 
the Flexibilia. It is one of the rarer species, not over twenty-five specimens having been found 
among all the collections, of which more than half are in the author’s material. It is usually 
found with the arms inrolled from the fourth to the fifth bifurcation, and in none of the 
specimens are they extended to their full length, though probably nearly so in figure ra, 
Plate XXVI. The calyx may be considered to extend to about the third bifurcation, where 
the interbrachials pass into the tegmen, and the arms as shown by that specimen are at least 
once and a half as long. The brachial series are strongly and abruptly elevated above the 
level of the interbrachial areas, and look like rough longitudinal ribs. This, with the strongly 
convex, often nodose, plates, both brachial and interbrachial, and the unusual length of the 
lower brachials, gives to this crinoid a very striking appearance by which it is easily recog- 
nizable from imperfect fragments. There is a tendency to contraction at the upper limits of 
the interbrachials where the arms become free. All the specimens are more or less flattened, 
but the natural contour and proportions are correctly shown in the restoration (text-fig. 35), 
made from careful measurements on several specimens of about the same size 

17 
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The mode of union of calyx plates in this species is well shown by the figures from some 
dissected parts of specimens. At the brachio-interbrachial and other non-articulating 
sutures the fossae, though large, are interrupted by numerous small contact areas (Pl. XXV, 
figs. 3c, 5c), so that the ligamentous masses were not so large as in F. nobilis. The articulat- 
ing sutures have fairly well-defined paired muscle-fossae, except upon the radial which 
seems unpaired here as in other species (Pl. XXV, figs. 6a, 5¢). 

In no species is the so-called “ patelloid ” structure at the brachial sutures carried to a 
greater extreme than in this and its Burlington associate, and it was here that attention was 
first directed to this character by Hall, as heretofore explained. In some specimens, especially 
of the latter form, it affects the shape of the entire plate, the sinuosity beginning at the 
margins and extending in a deep, broad curve to the middle, and the transverse elevation of 
the plates being curved to correspond with it (Pl. XXVI, figs. 4, 5). 

The taper at the proximal end of the column is not so pronounced in this species as in 
some others ; it all occurs within a short distance, and is sometimes not very marked. This 
was the case with Meek and Worthen’s variety gigantews, which they describe as showing a 
perfectly straight column, whereas their figure shows that it diminishes from 13 mm. to 10 
in a short distance. The orientation of the axial canal is somewhat irregular, being clearly 
interradial in some specimens, while in others it is rather indefinite. 

The most peculiar thing about this species, in which it differs from all others of the 
genus, is that it has only two primibrachs. This is no sporadic variation. It is constant in 
every ray of every well-preserved and normal specimen known to me. Hall, in the explana- 
tion of his figures of the types on plate 7 of Bulletin 1 of the New York State Museum, 
distributed by him in 1872, speaks of some irregularity in these plates, as varying from two 
to four—meaning all the primary plates including the radial and the first axillary. Those 
with the latter number I have separated specifically for reasons which will follow. Those 
with the former may be abnormal in one or more rays, although I have not seen any such 
among my specimens, while I have some crushed in such a way as to give the impression of 
only one primary plate in a ray above the radial, which was always corrected by closer 
inspection or further cleaning. I have before me 14 specimens in which 55 rays are visible 
to the first axillary, and there is among them not a single exception to the number of two 
primibrachs. Meek and Worthen’s variety giganteus is clearly abnormal in the ray from 
which the figure was drawn, and there are fractures about the base which were not correctly 
interpreted by the artist. Neither is there any exception among the specimens which | have 
separated on account of having three primibrachs, save in one young individual. 

It would seem, therefore, that this genus, evolving from a Silurian form like Sageno- 
crinus or Temnocrinus, underwent its final transformation in the Burlington limestone by 
taking on an additional primary plate in each ray; and that this was accomplished by a 
specific change far more complete and decisive than we find in some other cases where the 
modification was going on in the Devonian. Doubtless if we had all the stages of this 
development through the Devonian we should see phases of individual variation; but the 
final stage became firmly established in the genus, with one species tenaciously holding on to 
its Silurian type of ray structure. It is singular that with this apparently straight line of 
derivation, no trace of this type has been found in the prolific crinoidal deposits of the 
Lower Burlington beds at the same locality. We must remember, however, in this and all 
similar cases what we are constantly prone to overlook—that our collections, even from 
these prolific and well searched formations, represent only a mere atom of what actually 
existed during their epoch, or was deposited in their sediments. 

Types. Hall’s original is in the University of Chicago; the other specimens figured are 
in my own collection. The original of figure 2, Plate XXV, one of the finest specimens 
known, was found by Mr. J. O. Beebe, a most zealous and intelligent Burlington collector, 
who presented it to me for use in this work. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone ; Burlington, 
Iowa ; Henderson County, Illinois; and Washington County, Indiana. 
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Forbesiocrinus burlingtonensis n. sp. 
Plate XXVI, figs. 3-5 


I have separated under this name those specimens occurring in the Bur- 
lington rocks which have three primibrachs. The description of F. agassizi 
will apply to them in other respects save two; (1) the extreme sinuosity of the 
brachial sutures which exists in all well-marked specimens; and (2) the size of 
the specimens. The largest of the present form ‘is smaller than the smallest of 
the other. Five representative specimens of F’. agassizi, including the largest 
and the smallest, compared with five similar specimens of the present species, 
give the following average dimensions: 

F. agassizi: Height of crown, 96 mm.; of calyx, 57; width, 65; base, 13. 

F. burlingtonensis: Height of crown, 59 mm.; of calyx, 29; width, 33; 
base, 9. 


I have eight specimens of this species, in the largest of which the crown is 65 mm. 
high; calyx, 30; width, 43; base, 11; column at 20 mm. below, 8. In these eight specimens 
26 rays are visible, and every one of them has three primibrachs. A single small specimen 
not included in the above averages, only 27 mm. high, has in four visible rays 3 with 2 IBr, 
and 1 with 3. This is the only case of individual irregularity | have found in either form. 
Size alone, among specimens of the same locality, is ordinarily no criterion of a species; but 
in this case its correlation to such a degree of constancy with the number of primibrachs and 
another character must be of more than ordinary significance. For these reasons I feel 
warranted in separating these two forms, which are in fact far more easy to distinguish 
than some of the Keokuk species heretofore described by others. There may be noted in 
addition the tendency in this species to form a vertical row of anal plates, as shown on 
Plate XX VI, figure 5 (the appearance of bifurcation on two plates in this figure is errone- 
ous), which occurs not unfrequently in some of the Keokuk species, but which I have not 
observed in F. agassizi. 

Types. Author’s collection, except figure 4 which is in the Museum of Comparative 
Zoology at Harvard College. 

Horizon and locality. Upper Burlington limestone; Burlington, lowa. 


Forbesiocrinus wortheni Hall 
Plate XXVII, figs. 1-8 


Forbesiocrinus wortheni Hall, Geology Iowa, I, pt. 2, 1858, p. 632, pl. 17, fig. 5; Supplement Geology Iowa, 
1859 (1860), pl. 3, fig. 7—-Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140— 
Meek, Amer. Jour. Sci., ser. 3, VII, 1874, p. 191——Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. 1, 1870, p. 52—Whitfield, Bull. Amer. Mus. Nat. Hist., 1882, p. 96—Keyes, Geol. Surv. 
Missouri, 1894, p. 224. 

Forbesiocrinus jerseyensis Miller and Gurley, Bull. 8, Illinois St. Mus. Nat. Hist. 1806, p. 58, pl. 4, 
figs. 2, 3. 

Forbesiocrinus macadamsi Miller and Gurley, Bull. 9, Illinois St. Mus. Nat. Hist., 1896, pl. 5, figs. 1, 2. 

Not Forbesiocrinus worthent, Meek and Worthen, Geol. Surv. Illinois, V, 1873, p. 496, pl. 14, fig. 2, pl. 15, 
fig. 7. 


A large species. Crown elongate with long arms. Rays moderately 
rounded, in rather close contact above iBr; i1Br areas slightly depressed. Calyx 
moderately spreading to about I] Br:, where average height to width is 1 to 2; 
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height of calyx to width, 1 to 1.5; height of calyx to crown, 1 to 2; spread of 
calyx from base, I to 3.2; height to width of crown, 1 to 0.7. Cross-section ob- 
tusely decagonal, side outline curved. Base flush with column facet. Surface 
smooth. Calyx plates flat or gently rounded, without median elevation. Sutures 
sinuous, patelloid processes not prominent except in the arms. Height of crown 
of large specimen, 65 mm.; of calyx 36; width 52; of base 13; of column at 
lower end of expansion, 9 mm. Average of these dimensions in five specimens, 
50; 255; 37; 11.4; 8. 

General arrangement of plates as in F. agassizi, but iBr less numerous, 
RR and lower Br plates much shorter. Primibrachs 3. Height of B to R 
to I[Br, 1:1:1.25. Height and width of successive plates in a large specimen: 
1B c/o Ieee ab oc0)p Mein, Zho.<(o)e ery, aco INUUeie, Aaa 2 IVa ase, JMUBE 
3 or 4; numbers of successive orders of brachials as in agassizi. Above the third 
bifurcation the outer ramus of each dichotom is much wider than the inner; 
arms infolding at about fifth to sixth bifurcation, with probably more beyond. 
Rays low convex, arms flat, usually abutting above iBr, though in smaller speci- 
mens sometimes more rounded and slightly separated. The calyx is relatively 
lower than in FP. agassizi, and in the average of the specimens the crown more 
slender and arms as usually exposed longer; the base and column relatively 
broader. The column continues strong and cylindrical below the taper, with 
simple alternation of thicker and thinner non-projecting ossicles, becoming more 
nearly equal downward; it is preserved in one specimen to a length of 17 cm. 
with no sign of cirri or roots, or change in diameter. 

This is the species of the western or typical Keokuk limestone beds along the Mississippi 
River, being found at Keokuk, and various localities in Iowa, Illinois and Missouri, from 
above Nauvoo to the mouth of the Illinois River in Jersey County. It is readily distin- 
guished from its Burlington predecessors by the lack of nodose elevation of the plates, and 
its shorter lower brachials; but not so easily from F. multibrachiatus of the eastern Keokuk. 
Hall’s type is vertically crushed, and his figure did not disclose the base, owing to injury 
and partly to adhering matrix; this has been removed, and the new figure (Pl. XXVII, 
fig. 1) shows all the essential characters very well for comparison with the more perfect 
material now available. This consists of a series of excellent specimens from Nauvoo, 
Niota, Keokuk, and Jersey County, Illinois. The fine specimen pictured in figure 3 was 
found by the late Lisbon A. Cox, the veteran collector of Keokuk, to whose industry in that 
field during 30 years we are indebted for by far the greatest collection of Keokuk crinoids 
ever brought together. All the specimens are much flattened, and the true contours of the 
crown are not shown by the figures. 

The specimen figured under this name by Meek and Worthen, in volume 5, Geol. Surv. 
Illinois, plate 14, figure 2, is from the eastern Keokuk of Indiana at the typical locality of 
F., multibrachiatus, and must be referred to that species. Forbesiocrinus macadamsi of 
Miller and Gurley, from Jersey County, Illinois, is a fine and characteristic example of the 
present species; but their figure of it, Bulletin 9, Illinois State Museum, plate 5, figure 1, 


is wholly incorrect as to the basal plates. Their F. jerseyensis, from the same locality, is 
also a synonym. 
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Types. Hall’s original is in the Worthen collection now in the University of Illinois; 
that of figure 8 in the University of Chicago; the others figured are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Keokuk limestone beds west of the Illinois 
Coal Measures; Keokuk, Iowa, and various localities along the Mississippi River from 
Nauvoo to the mouth of the Illinois River, associated with Agaricocrinus worthem, Dory- 
crinus mississippiensis, and Uperocrinus nashvillae. 


Forbesiocrinus multibrachiatus Lyon and Casseday 
Plates XXVIII, figs. 1-19; XXIX, figs. 4, 5 


Forbesiocrinus multibrachiatus Lyon and Casseday, Amer. Jour. Sci. XXVIII, 1850, p. 235.—Miller and 
Gurley, Bull. 8, Illinois St. Mus., 1896, p. 55, pl. 4, fig. 1—Springer, Jour. Geology, XIV, 1906, 
p. 480. 

Taxocrinus multibrachiatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 49. 

Forbesiocrinus worthem, Meek and Worthen (not Hall), Geol. Surv. Illinois, V, 1873, p. 496, pl. 14, fig. 2; 
pl. 15, fig. 7. 

Forbesiocrinus speciosus, Miller and Gurley, 16th Rep. Indiana Geol. Surv. (1888) 1890, p. 347, pl. 5, 
figs. 8, 9 (Author’s ed. 1890, p. 27). 


A medium-sized species very similar to F. wortheni, and perhaps only a 
variety of it. The relative size, number and proportions of plates, and spread 
of calyx are substantially the same. In general the calyx is rather more evenly 
rounded, and cross-section more obtuse; the arms are more deeply rounded and 
not so closely abutting, there being usually distinct elongated spaces for some 
distance above the bifurcations. Taking an average of 10 measured specimens, 
while the height to width of the whole crown as usually found is about the same, 
I to 0.7, the calyx to top of 1Br 1s relatively higher, and the visible parts of the 
arms shorter; the ratio of height to width at greatest width, I] Brs, is 1 to 1.8; 
that of height of calyx to crown is about 1 to 1.6, and height to width of calyx 
I to 1.2, as against I to 2 and 1 to 1.5 for the same ratios in the former species. 
Dimensions of a maximum and very small crown are: 

Maximum: height of crown, 61 mm.; of calyx, 35; width, 40; base, 13. 

Small: igs (a3 ce 14 mm. ; ce 6e O)s 6é 10; ce 4. 
. This species is found in the Indian Creek crinoid bed at several localities within a short 
distance along the creek of that name in Montgomery County, Indiana. That bed is in the 
eastern uplift of the Keokuk Group, separated from the western or Mississippi Keokuk by 
the Illinois coal field, to the east of which the Keokuk beds are considerably thinner and lose 
their predominant limestone character, becoming much more impure and argillaceous. By 
these differences in the waters of sedimentation the crinoid fauna was considerably modified, 
so that while the general type remains the same the majority of the species are not common 
to the two areas. For that reason this species may probably be maintained upon the slight 
differences above shown. The Indian Creek specimens have been found in considerable 
abundance and in good preservation. They occurred with other genera in small colonies, 
from one of which I have a fine series representing stages of growth from very young to 
mature, some of which are figured on Plate XXVIII. These are interesting to show the 
development of the interbrachial system from one or two plates to 15 or 20, according to the 
stages of growth. In some of these may also be seen a tendency among the plates of the 


anal side to develop a vertical series in the midst of the solid plates, with a line of weakness 
along its left margin. 
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Lyon and Casseday give the localities of this species as Clear Creek, Hardin County, 
Kentucky, and Washington and Montgomery counties, Indiana. Lyon prepared excellent 
figures which were never published, but were turned over to me when I acquired his collec- 
tion. The type used for these figures is a weathered specimen in the very same preservation 
as those from the Indian Creek bed, and beyond all question it came from that locality, as 
there were also in Colonel Lyon’s collection a number of other specimens from the same 
place, and he is known to have collected there in early days. But there was in his collection 
no specimen from any Kentucky locality labeled as, or which can be referred to, this species. 
There was howevér a specimen of Onychocrinus ramulosus from Hardin County labeled 
“ Forbesiocrinus multibrachiatus,” which probably accounts for the recording of that locality 
in the description. ; 

The principal locality in Washington County, Indiana, has several species identical with 
that of Indian Creek, and the horizons are probably closely equivalent. A few specimens 
found in that vicinity may be referred to this species, among which is one figured on Plate 
XXIX, figure 4, and the type of Miller and Gurley’s F. speciosus (ibid., fig. 5). These 
authors also referred the form chiefly occurring at Indian Creek to their F. washingtonensis, 
distinguished by them from their earlier F. speciosus chiefly by the lack of anal plates in the 
latter, which they figured and described as having the interbrachial areas all alike (16th 
Report Geol. Surv. Indiana, p. 347, pl. 5, figs. 8,9). On the type and only specimen (in the 
collection of Mr. Gurley now in the University of Chicago, No. 6267) the sutures were 
marked in ink as shown in their figures; but this was careless work, as a little cleaning 
showed the posterior basal truncate and having a large anal plate with others succeeding, 
as appears by my figure 5 of Plate XXIX; the arms are worn and flattened in the upper part, 
but it is generally much like the present species. The single large anal plate interposed above — 
the basal is a variation occurring in some of these species which finally becomes constant in 
the Warsaw. 

I have given two figures of Lyon’s type, and it must be noted that it is flattened and 
crushed so that the two posterior rays are pushed together, concealing most of the plates of 
the anal side (Pl. XXVIII, fig. 1b) ; in the anterior view the arms look flatter than in the 
other specimens, but this is due to erosion. The specimen figured by Meek and Worthen, 
Geol. Surv. Illinois, volume 5, plates 14, figure 2, and 15, figure 7, as Forbesiocrinus worthent, 
and now in my collection, is a much flattened and very mature example of this species from 
the typical locality. 

The position of the small infrabasal is somewhat irregular, being in a few specimens 
anterior in position as in F. saffordi. 

Types. Author’s collection, except figure 5, Plate X XIX, which is in the University of 
Chicago. 

Horizon and locality. Lower Carboniferous, Keokuk Group, eastern extension ; Indian 
Creek, Montgomery County, Indiana, horizon below the Crawfordsville bed; also Wash- 
ington County, Indiana. 


Forbesiocrinus washingtonensis Miller and Gurley 
Plate XXIX, figs. 1-3 


Forbesiocrinus washingtonensis Miller and Gurley, Bull. 8, Illinois St. Mus. Nat. Hist., 1806, p. 54, pl. 3, 
figs. 32, 33—Miller, N. A. Geology and Palaeontology, 2d Appendix, 1897, p. 746, figs. 1356, 1357.— 
Springer, Jour. Geology, XIV, 1906, pl. 7, fig. 20. 


The specimens described under this name are from the Canton beds of 
southern Indiana in Washington County, closely equivalent to those of Indian 
Creek, and may be only another variety of /’. wortheni. They are somewhat 
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smaller than the average of mature specimens in the two preceding species. The 
arms are flat and abutting, as in /*. wortheni, but are much shorter and more 
delicate than in either. The calyx rises to a higher level, being to the crown as 
I to I.4 in an average of five specimens, as compared with I to 2 and I to 1.6 in 
F. wortheni and F. multibrachiatus respectively. The greatest width is at about 
111 Bre, instead of I1Br; as in those species, so the ratio of height to width is 
about I to 1.5, as against 1 to 2 or 1to1.8. There is also a greater convexity of 
the plates, which are rounded from the suture lines, and not merely raised in the 
middle as in the Burlington species. In a maximum specimen the crown is 
47 mm. high; calyx, 35; width at [11 Bre, 44; base, 13. 

As already stated, Miller and Gurley described two species from this locality, the first 
being F. speciosus, which I have doubtfully referred to F. multibrachiatus. They distin- 
guished it from the present species by its supposed lack of distinct anal side, and also by its 
having only 40 arms, against 60 in this ; being an application of Miller’s favorite dogma that 
the actual number of arms is an iron-clad specific character. Here the difference is due 
wholly to the height at which the arms happen to be folded in the fossil; if between the 
third and fourth bifurcation, forty will be visible from the exterior; if beyond the fourth, 
sixty or seventy or even more, according to the height of the infolding. 

Types. Miller and Gurley’s originals are in the University of Chicago; that of figure 3 
in the author’s collection. 


Horizon and locality. Lower Carboniferous, Keokuk Group; Canton, Washington 
County, Indiana. 


Forbesiocrinus pyriformis Miller and Gurley 
Plate XXIX, figs. 6-7 
Forbesiocrinus pyrifornus Miller and Gurley, Bull. 3, Illinois St. Museum, 1894, p. 47, pl. 4, fig. 1. 

A large species. Crown elongate, pyriform, widest about 1VBr, which is 
about the limit of the calyx. Height to width there 1 to 1.35; spread of calyx 
from base, I to 3.7; height of calyx to crown, I to 1.8; height to width of crown, 
1 to 0.75. Calyx conical, with straight sides, cross-section circular. Base flush 
with top columnals. Calyx plates tumid, suture lines sinuous and impressed. 
iBr areas elongate and narrow with plates numerous. Arms rounded, short, 
well separated. General arrangement and proportion of plates as in the three 
preceding species, except that the lower brachials are somewhat longer, making 
the interbrachial areas also more elongated. Crown of large specimen, 60 mm. 
high; calyx, 35 mm.; width, 50 mm.; base at column facet, 13 mm. 


The distinctly conical, circular calyx, and deeply rounded arms distinguish the species 
readily. It occurs in the Keokuk of Kentucky and Tennessee, where none of the preceding 
shave been identified, and it has not been found in their regions. The species is rare, only 
four specimens being known, three of which are in the University of Chicago. Of these 
four specimens, three have the posterior basal truncate, followed by a single plate interposed 
between it and the usual two (PI. XXIX, figs. 6b, 7b), and that is probably the general rule 
in the species. Beyond the IIIBr the arms begin to taper quite rapidly, and infold about the 
fifth bifurcation. The zone of greatest width is at a higher order of brachials than in any 
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other species, and the calyx is therefore relatively higher. The specimens are but little 
distorted and exhibit nearly the natural contour ; the most perfect one, figures 7a, b, is some- 
what compressed vertically. e 

Types. The original of figures 6a, b, is in the University of Chicago; that of figures 
7a, b, in the author’s collection. 

Horizon and locality. Lower Carboniferous, Keokuk Group; Muldraugh Hill, Ken- 
tucky, and White’s Creek, Tennessee. 


Forbesiocrinus greenei Miller and Gurley 
Plate XXX, figs. 1-2 


Forbesiocrinus greeneit Miller and Gurley, Bull. 9, Illinois St. Mus., 1806, p. 57, pl. 4, figs. 1, 2. 
Proguettardicrinus ? greenei, Steinmann, Geol. Grundlagen der Abstammungslehre, 1908, p. 152, fig. 79. 


A large species. Crown low globose, wider than high, contracting rapidly 
above III Br; greatest width at I1] Bri, where height to width is 1 to 2.1; of 
calyx at upper limit of iBr, 1 to 1.4; spread of calyx from column facet, 1 to 
4.4; height to width of crown, I to 1.2; height of calyx to crown, I to 1.2. Cross- 
section circular; side outline broadly curving. Base flush with top columnal. 
iBr small, numerous; areas long and wide, not depressed; rays not prominent. 
Calyx plates almost flat, and flush with the general curvature. Proportions of 
plates in the brachial series different from those of preceding species, RR and 
IBr being relatively shorter and wider, while II1Br and succeeding brachials 
are longer and narrower. Dimensions in millimeters of successive plates in 
characteristic specimens as follows: B, 4x9; R and [Br: and IBr2, 4x11; 
Ibe, 7c ies Ila Goc@s IUNUE IE, xe 778 JUUNBi. Boxe doe INURE dneneltore 
diminish rapidly in width, thus leaving space for the extension of the iBr areas. 
Post. B followed by a single anal plate; above it two or three, and then the plates 
extend in ranges of four abreast to the height of II] Br 2 or 3, and continue with 
diminishing width beyond the next bifurcation. Regular iBr areas extend 
above the highest I11Br. Measurements of mature specimen: height of crown, 
estimated from the curvature and taper of rays, 52 mm.; calyx to top of iBr, 
44 mm.; width at [1] Br:, 61 mm.; base at column facet, 15 mm. ‘Column large, 
continuous with base, and tapering as in other species. 


The low, globose crown and flat plates distinguish the species readily from any other. 
The zone of greatest width is much lower than in the last species, and the crown contracts 
rapidly above that, as is indicated by the rapid tapering of the tertibrachs which in all the 
preceding species remain about the same width; this is partly compensated by the higher 
limit of the interbrachials which extend beyond the line of preservation in either of our 
specimens, and must have reached up between the quartibrachs. The species was described 
from a single specimen, but its characters have since been confirmed by the discovery of 
another one in better preservation from the same locality. Both are entirely rotund and 
give a good idea of the natural contour, but neither has any of the free arms preserved. 
The locality is in the extreme southern part of Indiana, and the horizon approximately the 
same as that of the last species, both occurring high in the Keokuk Group next to, or perhaps a 
part of, the Warsaw. 
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Steinmann’s proposal to refer this species to a new genus, Proguettardicrinus, on 
account of superficial resemblance to the Jurassic Guettardicrinus has been discussed in the 
chapter on Phylogenetic Relations. 

Types. The original type is in the University of Chicago; that of figures 2a, b is in the 
author’s collection. 

Horizon and locality. Lower Carboniferous, upper part of Keokuk Group; Edwards- 
ville, Floyd County, Indiana. 5 


Forbesiocrinus saffordi Hall 
Plates XXI, fig. 3; XXX, figs. 3-17; XXXI, figs. 1-10 


Forbesiocrinus saffordi Hall, Supp. Geol. Iowa, I, pt. 2, 1860, p. 87—Wachsmuth and Springer, Revision 
Palaeocrinoidea, pt. 3, 1886, p. 145. 3 


A very large species. Crown low, pentagonal, wider than high, contracting 
rapidly above [1 Br; greatest width at I] Br:, where height to width is 1 to 2.8; 
of calyx at upper limit of 1Br, about 1 to 1.4; spread of calyx at upper limit of 
iBr, about 1 to 1.4; spread of calyx from column facet, 1 to 4.7; height 
(estimated) to width of crown, 1 to 1.26; of calyx to crown, I to 1.1. Calyx 
deeply lobed; cross-section quinquelobate; side outline broadly curved. Base 
flush with top columnal. iBr areas concave, large and long, with large plates. 
Rays highly arched, broadly sloping to 1Br areas. Calyx plates flush with the 
general curvature, those of iBr areas concave, those of the rays broadly rounded 
except the axillary I1Br, which is strongly tumid and abruptly curved at the 
distal end, so that the next order of brachials start at a lower level. Post. B 
truncate, followed by a single plate, and this by two or three abreast, increasing 
to four or more abreast for several ranges; regular iBr also becoming four 
abreast and extending to beyond I1IBrs. Dimensions of successive plates in 
manlinemeneirs = 1B, 1 Se TOSS IN, Boe male Were, 0 oe ys IU Uee, oye >.< 1zbe Uae Oye wae 
IlIBr, 3x 7.5; those following, 2x 7.5. Dimensions of mature specimen 
(Pl. XXXI, figs. 1a, b); height of crown estimated from curvature, 60 mm. ; 
of calyx, 55 mm.; width, 76 mm.; base at column facet, 16 mm. Same measure- 
ments im young specimen (Pl. XXX], ig. 2): 21; 17; 35; 8. A still younger 
specimen, preserved only to I[Br., is 7 mm. high by 18 mm. wide at that level; 
base, 5 mm. A detached base, indicating a crown still larger than the above 
mentioned specimen, is 18 mm. wide (fig. 3). 

The strong lobation of the calyx is the special character of this species, in which it 
differs from all others. The great arching of the rays requires brachial plates of large size, 
as the above figures indicate, and it produces such wide spaces between that the interbrach- 
ials form broad concave areas, with relatively larger plates than in other species. Only at the 
end of the secundibrach series do the plates lose their even curvature and become tumid ; and 
the abrupt distal rounding of IIBr, is a feature by which the species can be identified from 
any fragment preserving this part (Pl. XX XI, fig. 5). Not only is the abrupt change of 


the succeeding plates to a lower flat surface a very marked character but also the very great 
disproportion in their size. Unfortunately none of the specimens have the rays preserved 
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beyond the tertibrachs, but from their great diminution in size I have no doubt that the arms 
became small and infolded at a level but little above that shown in figure ta of Plate XXXI. 

The truncate posterior basal, with one plate following instead of two, has become a con- 
stant character in this species, being uniform in all the 25 or more specimens showing these 
parts; only one from the same locality (Pl. XXX, fig. 17) has an angular basal, and it is 
probably not of this species. There is also a peculiar modification in the orientation of the 
small infrabasal, which is almost uniformly located at the anterior instead of the right pos- 
terior as usual in the Flexibilia; among the numerous specimens only one has it in the 
regular position, while in two it is at the left posterior (Pl. XXX, fig. 10) ; in one of the 
latter this plate is larger than either of the other two. Being the last known survivor of the 
genus, strongly divergent from the usual form of the calyx, and very abundant at the typical 
locality, the species presents just the conditions for variation even in characters belonging 
to the entire group. 

The species was described by Hall in the Supplement to the Geology of Iowa, without 
illustration, from a single specimen found by Professor J. M. Safford, formerly State Geolo- 
gist of Tennessee, in the upper part of the Keokuk exposures on White’s Creek, near Nash- 
ville, Tennessee. His description was very clear, and enabled me to recognize the species 
readily from an unlabeled cast in the Museum of Comparative Zoology, which afterwards 
proved to be taken from the type. No other specimens were found at the original locality, 
and the type, packed away after Professor Hall’s description of it, remained inaccessible until 
recently. In the meantime a considerable number of fragmentary specimens were found in 
the debris of the so-called Warsaw beds at and near Spergen Hill, associated with Pen- 
tremites conoideus and Batocrinus icosidactylus, which upon comparison with the type have 
proved to belong unquestionably to this species. Only two, and these quite small, have any 
considerable part of the calyx intact, but among the detached bases are some even larger 
than that of the type. The specimens were in a loose matrix readily removed by washing, 
and have furnished important information as to the structure of the inner floor of the calyx, 
and the axial canal, which is discussed in the remarks on the genus. A representative series 
of them are figured on Plates XXX and XXXI. 

These specimens also furnish fine examples of the mode of union of the calyx plates in 
this genus; that of the brachio-interbrachial sutures with their numerous small, interrupted 
ligament fossae on Plate XXXI, figures 6c, d, 7d, and that of the brachial articulations with 
their paired muscle-fossae, figure 7c; also for both, figures 10a, b. In figures 3b, c the 
articulation on the radial is unpaired. Figures 6a, b also show the manner in which inter- 
brachials grew from the inside of the calyx to fill up space as the visceral mass increased ; 
comparison of the lettered plates in the two figures will show how much larger these plates 
are at the interior than at the exterior, while the numbered plates show how the reverse is the 
case with the brachials, which, being the first developed, are gradually wedged apart from 
the inside by insertion of the newly forming interbrachials. 

Unfortunately none of the specimens have the arms preserved, the highest plate of the 
calyx remaining being IIIBr,. From the great width of the calyx, and the rapid contraction 
and small size of plates above the secundibrachs, it is probable that the crown was relatively 
very low and short armed, as in F. greenei. In the calyx alone, however, it is by far the 
largest known crinoid of the Flexibilia, the type specimen being about three inches in diame- 
ter; and there are fragments indicating the existence of others at least half an inch wider. 

Types. Inthe author’s collection, the original of Plate XX XI, figures ta, b, having been 
presented to me by Professor Safford when rediscovered a few years ago. 

Horizon and locality. WLower Carboniferous, highest part of the Keokul limestone; 
White’s Creek, Tennessee, and at the base of the so-called Warsaw beds at Spergen Hill and 
vicinity, Indiana. : 
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Family ICHTHYOCRINIDAE Angelin 


(Emend. Wachsmuth and Springer) 


SAGENOCRINOIDEA WITH INFRABASALS HORIZONTAL, NOT APPEARING EXTERNALLY AND TAK- 
ING NO PART IN THE CALYX WALL, SOMETIMES DISAPPEARING BY ATROPHY, CROWN ELON- 
GATE OR ROTUND. RAYS WIDENING FROM RADIALS UP, IN CLOSE CONTACT, USUALLY 
INTERLOCKING OR ABUTTING THROUGHOUT OR ABOVE INTERBRACHIALS., 


Analysis of the Genera 


I. Rays in contact all around. 
Arms dichotomous, interlocking. IBr 2. 
No anal or iBr. Post. B not differentiated. 


RUA. shal Ovrom Ort IRL, (ohoGksr ie, POOSto Nous cascsecoogddcusadonuccr ICHTHYOCRINUS. 
No RA. 
Pas IB mot chireraniaieal soocoocecccdgos00G0uuceeueS METICHTHYOCRINUS. 
TEO SES JB) CONST WS: Gig.cts-a.6:0'5 So 6 Chala Cee eee hl Ceara Cree ec ae SYNAPTOCRINUS. 


Il. Rays in contact except at anal side. 
Arms dichotomous, interlocking. IBr 2. 
RA in form of R, under r. post. R. 
Anal x alone or followed by others. 


Post. B truncate. (IBB unstable, often appearing 
DS VOial dos COMAN)) Gas dooahooaemoossabodsooodmadedacer CLIDOCHIRUS. 


Post. B not differentiated, and not touching anal v........... CLEISTOCRINUS. 
Ill. Rays above radials partly or wholly separated. 
RA not identifiable, or wanting. 
Arms dichotomous, usually abutting over iBr. 
Anal x followed by others in single series. 
iBr few, usually in single series. [Br 3................000: EURYOCRINUS. 
iBr numerous, in*more than one series. IBr 2............... AMPHICRINUS. 
Arms heterotomous. 
iBr few or absent. 
Anal « followed by others in more than one series, 


Suitwnealllhy @ormimeciecl Gt SCS cocedaccocaccucaoscageruad DACTYLOCRINUS. 
Anal « suturally connected at sides and with post. B 
followed by others in series, forming a tube............. SYNEROCRINUS. 


No anal. Post. B not differentiated................. W ACHSMUTHICRINUS. 
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The rudimentary and more or less unstable condition of the infrabasals is 
the chief diagnostic character of this family. These plates, which in the 
Lecanocrinidae form an essential part of the calyx, are here so completely with- 
drawn from the exterior that in specimens with the column attached there is no 
evidence of their existence. In typical genera they form a mere vertical plug,’ 
of no functional importance; and in several species this plug is completely 
resorbed, leaving an open space of substantially its own form and size. Cor- 
related with the foregoing is another character equally constant, which gives 
to the genera of this family a certain conspicuous facies by which they can 
usually be recognized from any fragment containing the lower portion of a ray; 
this is the relatively small size of the radial plates. With this is combined a 
close abutting or interlocking of the rays either from their origin or above the 
interbrachials when present, producing a continuous wall for several series of 
brachials. Consequently the rays are fan-shaped, widening from the radials 
up. The presence of interbrachials does not materially alter this peculiar 
aspect. There is, therefore, in this family in its most extreme form that non- 
differentiation of the calyx which to a greater or less degree characterizes the 
order Flexibilia, the arms being mere continuations of the lower brachial series, 
which pass into them without any apparent change except gradual reduction 
in size. 

By reason of the correlation of these characters the Ichthyocrinidae form 
a remarkably compact, well-defined family group, which is sharply distinguished 
from the two preceding, although it includes both rotund and elongate forms. 
Only one of the genera, Clidochirus, might be confounded with the Lecano- 
crinidae, owing to variability in size of the infrabasals among the species; while 
Synerocrinus, although thoroughly typical as to this character, on account of 
its weak anal side is a transition form toward the Taxocrinidae. 

There is in this family a very notable suppression of anal structures, the 
pentamerous symmetry of the calyx being but little modified by them. In four 
of the genera the posterior basal is not differentiated, and in a fifth, Synapto- 
crinus, although elongated it is not followed by any anal plate. In one, Amphi- 
crinus, the posterior interradius is smaller than the other four. The radianal is 
found in only three genera (Silurian and Devonian) in the strictly primitive 
position as an inferradial, and is so inconspicuous that its existence as a calyx 
element was never recognized until I pointed it out in 1906; it is most prom1- 
nent in some species of the otherwise aberrant Clidochirus. The oblique form 
of radianal is not found at all. Two Silurian, two Devonian, and all the Car- 
boniferous genera are without any identifiable radianal. 

The dichotomous arm structure prevails in a large majority of the genera, 
but in the three in which the heterotomous type occurs it attains the most per- 
fect stage with conspicuous main rami fringed with subordinate ramules. 
 * Text-fig. 11, p. 117. 
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The family ranges from the Silurian with three genera, through the Devon- 
ian, culminating in the Lower Carboniferous with six genera, one of which 
passes up to the Lower Coal Measures (Pennsylvanian), making it the latest 
survivor of the Flexibilia. 

Geographically the family is equally well distributed; two genera, Cleisto- 
crinus and Synerocrinus are restricted to Europe; two, Metichthyocrinus and 
Synaptocrinus, to America; while fhe other six occur in both hemispheres. 


Geological and Geographical Distribution 


Number of known species 


(Open figures indicate American, those marked ( ) European) 
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ICHTHYOCRINUS Conrad 
Plates XXXITI-XXXVI 


Ichthyocrinus Conrad, Jour. Acad. Nat. Sci. Philadelphia, VIII, 1842, p. 279—D’Orbigny, Prodr. Pal. 
Stratigraphique, I, 1849, p. 46; Cours Elem. Pal. et Geol. Strat., II, 1851, p. 144—Hall, Nat. Hist. 
New York, Pal. IT, 1852, p. 195; Geol. lowa, I, pt. 2, 1858, p. 557—McCoy, Syn. Brit. Pal. Fossils, 
1854, p. 54—Roemer in Bronn, Lethaea Geognostica, I, 1852-54, p. 237.—Pictet, Traité Paleontologie, 
IV, 1857, p. 319.—Bronn, Klassen Ord. Thier-Reichs, II, 1860, p. 231—Quenstedt, Handb. Petre- 
faktenkunde, 1867, p. 737; Petref. Deutschlands, IV, 1876, p. 515.—Beyrich, Monatsber. Akad. Wiss. 
Berlin, 1871, p. 42 (Trans. in Ann. and Mag. Nat. Hist., (4) VII, p. 403). Salter, Cat. Cambrian 
and Silurian Fossils, 1873, p. 126.—Angelin, Icon. Crin. Sueciae, 1878, p. 13—Wachsmuth and 
Springer, Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 252; ibid., 1888, p. 353; 1800, p. 387; Revision 
Palaeocrinoidea, pt. 1, 1879, p. 33; ibid., pt. 3, 1886, p. 143—Von Zittel, Handbuch Palaeontologie, 
I, 1879, p. 355; Grundziige Palaeontologie, 1805, p. 138.—Miller, N. A. Geol. and Pal., 1880, p. 256.— 
Zittel-Eastman, Textbook Palaeontology, 1896, p. 163 (2d Ed., 1913, p. 204).—Bather, Proc. Zool. 
Soc. London, 1896, p. 998; Natural Science, XII, 1898, p. 341; Ann. and Mag. Nat. Hist., (7) VI, 
1900, p. 112; Treatise on Zoology (Lankester), pt. 3, 1900, p. 188—Weller, Bull. IV, Chicago Acad. 
Sci., I, 1900, p. 145.—Springer, Amer. Geologist, XXX, 1902, p. 94; Jour. Geology, XIV, 1906, p. 475. 
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Ichthyocrinidae with rays in contact all around. Crown elongate, expand- 
ing from radials up. Infrabasals entirely within ring of basals, sometimes 
resorbed. Posterior basal not differentiated. Radianal in primitive position 
under right posterior radial, touching right anterior radial; smaller than, and 
of similar form to, other radials. No anal or interbrachial plates. Primibrachs 
two. Rays widening from radials up. Arms dichotomous, interlocking to at 
least the second subdivision, closely abutting above that ; they are mere continua- 
tions of the ray divisions without line of demarcation. Column proximally 
enlarging, usually to the diameter of the base. 

Genotype. Ichthyocrinus laevis Conrad. 

Distribution. Silurian and Devonian; Europe and North America. 


The genus Ichthyocrinus is a typical and perhaps the most characteristic representative 
of the Crinoidea Flexibilia, giving the name to the group in which their peculiar characters 
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were first recognized as the basis of a large division by Wachsmuth and Springer. It was 
established by Conrad? in 1842, and the type species, /. laevis, described. His diagnosis, if 
such it might be called, was as follows: “ Column round, smooth; canal small and round; 
scapulae with the margins of the articulations parallel, and somewhat imbricated.” 

This gave but little insight into the essential characters of the genus, but the accom- 
panying figure of J. laevis left no doubt as to what was intended to be described. This form, 
although then first designated as a distinct genus, was not new to paleontology. It had been 
observed at an early day as one of a few distinct and leading types of fossil crinoids in 
England, which afterward became the representatives of as many well-marked genera and 
families. It is rather curious that one of the earliest published figures of the complete crown 
of a paleozoic crinoid should be that of a fine specimen of this extremely rare genus. John 
Ellis ?-in 1762 gave an “ Account of an Encrinus, or Starfish, with a jointed stem, taken on 
the coast of Barbadoes, which explains to what kind of Animal those fossils belong called 
Starstones, Asteriae, and Astropodia, which have been found in many parts of this King- 
dom”; and in connection with a finely engraved drawing of a recent West Indian pen- 
tacrinite he figured for comparison “two curious fossils”’ found at Pyrton-passage in 
Gloucestershire. One of these (pl. 13, Fig. B), showing “all the ramified arms of the head 
closed up together,” is a very characteristic Ichthyocrinus, perhaps I. pyriformis, probably 
enlarged in drawing. 

Ellis’s figure was copied and the type discussed by Parkinson * in 1808, as the Glouces- 
tershire pentacrinite, to which he gave the name of the ‘“‘ Fig Pentacrinite” (p. 274). He 
also (op. cit., pp. 194-6, Pl. XV, fig. g) figured and described another specimen belonging to 
some genus of the Ichthyocrinidae from Derbyshire, as the Derbyshire encrinite, which he 
called the “Cap Encrinite,” said to be derived from the great limestone formation of the 
north of England since known as the Mountain limestone. Parts of this, as Parkinson 
stated, are filled with amazing quantities of crinoidal bodies and other marine remains, and 
he evidently considered all the crinoidal remains as belonging to a single form peculiar to 
that region, as he figured and discussed several unrelated fragments under the same name. 
The crown as figured (Pl. XV, fig. 9) represents an Ichthyocrinoid with broadly rounded 
base, no interradials, and the arm divisions unequal. In the text the author states that this 
form is “characterized by its rounded and pyriform figure.” At another place (p. 271), 
when discussing the Gloucestershire pentacrinite, he speaks of the arm division in that form 
as “closely resembling the divisions that take place in the arms of the Cap encrinite, a first 
division taking place at about the third articulation, and the fingers which are thus formed 
being repeatedly subdivided in a dichotomous manner.” Parkinson was much impressed 
with the distinctness of the type, and wanted to call it the “ pyriform encrinite,” but was 
embarrassed by the fact that there was another one otherwise widely different which was also 
pear-shaped (Apiocrinus) ; so he called the latter the “ Pear Encrinite,” while to a third 
equally pronounced type (Eucalyptocrinus) he gave the name “ Turban Encrinite”’; and as 
before stated called the Derbyshire form the “Cap Encrinite.” In view of the doubt as to 
some of the essential structures I have been unable to locate this last form generically. Taking 
the figure strictly as it appears, it would not fall under any known genus. With a more 
dichotomous arm-branching it would come nearest to Metichthyocrinus, which has not 
otherwise been observed in British rocks. And if we also assume some interbrachial struc- 
tures not shown in the figure, it might belong to Ewryocrinus, a form which is typically from 
the same Mountain limestone area in Yorkshire. Considering the author’s emphasis upon 
the pyriform shape, and the uncertainty about the arm branching, there is a suggestion of 
Ichthyocrinus ; which involves the possibility of the specimen being from the Silurian of the 


*Jour. Acad. Nat. Sci. Philadelphia, vol. 8, p. 278. 
* Philos. Trans. Roy. Soc. London, vol. 52, p. 357, pl. 13. 
* Organic Remains of a Former World, vol. 2, pp. 258, 270, 271, Pl. XIX, fig. 2. 
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Wenlock area, as the locality of its occurrence is not stated, although its owner called it the 
“superior part of the Derbyshire encrinite.” 

In 1839 Phillips* described and figured as Cyathocrinites pyriformis a well-marked 
specimen somewhat similar to that of Ellis (Parkinson’s pl. 19, fig. 2). He recognized, 
however, its strongly distinctive structure, and stated that it “ ought probably to constitute 
a new genus,” pointing out as its characters “the great width, general equality and lateral 
union of the plates, till the arm divisions amount to twenty.” 

Hall? in 1843 referred Phillips’s species to Conrad’s genus, and expressed the opin- 
ion that the species described by the two authors from England and America respectively 
were identical. 

D’Orbigny * in 1849 accredited the genus Ichthyocrinus to Conrad, defining it as 
follows: “ Calice composée de quatre séries de piéces. Cinq pieces basales.” His idea of 
its character was rather indistinct, for while following Hall in referring to it C. pyriformus 
along with J. Jaevis, he included also several species now ranged under Gissocrinus, in which 
the characters pointed out by both Phillips and Hall as peculiar to the new form are wholly 
wanting. 

Hall * took up the discussion of the genus again in 1852 in connection with a more 
elaborate description of J. laevis, with ample illustrations showing new and important 
details. After quoting Conrad’s generic definition, which he thought not sufficiently precise, 
he stated that the cup consists of five small, triangular pelvic plates, succeeded by three 
scapular plates followed by two or three subdivisions ; and he added: “ The base of the cup, 
when the column is separated, presents a tripetalous impression, which is probably of generic 
importance. This genus .... possesses peculiarities of high interest, showing its 
relations to crinoids with three pelvic plates.” This is the first allusion in the literature of 
this group to a dicyclic base. He confirmed this statement in 1858° in his generic formula, 
where he said there were “sometimes three other rudimentary plates within the five basal 
plates.” : 
M’Coy ° in 1854 gave a description of [chthyocrinus in considerable detail, crediting it 
to Conrad in conjunction with D’Orbigny, without whose suggestion he thought “ the figure 
and description of Mr. Conrad would not have been definite enough to establish this 
genus ” ;—though wherein D’Orbigny’s definition contributed to its elucidation is difficult 
to see. M’Coy defined the generic characters to be: column round, the calyx composed of 
5 pelvic plates (Basals) ; 5 first, second, and third primary radials, the last supporting two 
rows of secondary radials of 4 joints each, etc. He added however the important observa- 
tion that “ the absence of interradial plates separates this genus from Tavocrinus ” ; this was 
confirmed by Salter in his Catalogue of 1873, as-the sole difference between the two genera. 

Bronn‘ in 1860 defined the genus as irregular, having 5 basals, no subradials, 4, 1x3 
radials, and no anals nor interradials. Neither M’Coy nor Bronn made any allusion to the 
existence of five undeveloped pelvic plates (infrabasals), nor had Roemer done so in Bronn’s 
Lethaea Geognostica in 1856. 

Angelin § in 1878 recognized three basals and five parabasals, the former sometimes 
obsolete ; but he introduced a new complication by giving also one anal plate between the 
lower radials—a statement not warranted by any of his specimens. 


*In Murchison, Silurian System, vol. 2, p. 672, pl. 17, fig. 6. 
* Geology of the Fourth District, New York, p. 112. 

* Prodrome de Paléontologie, vol. 1, p. 46. 

*Nat. Hist. New York, Paleontology, vol. 2, p. 195. 

° Geology of Iowa, vol. I, pt. 2, p. 557. 

° British Palaeozoic Fossils, p. 54. 

* Klassen und Ordnungen des Thier-Reichs, Bd. 2, p. 231. 
*Tcon. Crin. Suec., p. 13. 
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In 1878 Wachsmuth and Springer,t in a paper on Transition Forms in Crinoids, dis- 
cussed the genus in relation to some newly discovered Lower Carboniferous specimens which 
agreed with it in a striking manner in everything except that they had well developed inter- 
brachial plates. For this reason we felt compelled to modify the conception of the genus 
theretofore obtaining so as to include such forms as these. Inasmuch as the author of the 
genus had not given a diagnosis from which any exact limits could be determined, it was 
apparent that its definition was a mere outgrowth of the individual opinions of the subse- 
quent writers who had treated of it. Having as we thought found the above modification 
an imperative necessity consequent upon the discovery of new material, we were in turn 
much perplexed by the fact that this would leave the three genera, [chthyocrinus, Taxocrinus 
and Forbesiocrinus, without any very essential structural differences to separate them, and we 
found no way out of the dilemma except to consider Taxocrinus and Forbesiocrinus as 
subgenera. 

Further consideration, however, in our Revision of the Palaeocrinoidea, pt. I, p. 43, led 
us to recognize the distinctness of the three genera for reasons there pointed out, but we still 
retained the species with interbrachials (J. nobilis) under Ichthyocrinus. The specimens of 
this Lower Carboniferous species then known to us did not disclose the anal side, which we 
still supposed to be not distinctive ; and in the generic description given by us in the Revision, 
in addition to the three ‘“‘ underbasals,” five basals, and details of radials and arms there 
stated, we noted the “almost equilateral pentamerous symmetry ” of the body; and added 
“the most striking feature of this genus, by which it is easily recognized, is its symmetrical, 
equilateral figure, and this pervades the whole body.” 

In addition to the foregoing it had then been discovered and pointed out by us (op. cit., 
p- 31) that in this genus, in common with several others, the plates of the calyx and rays 
were joined together by a peculiar loose articulation, producing a flexibility in the calyx 
which sharply distinguished this association of genera from the other crinoids, and caused 
their separation as a distinct family then called Ichthyocrinidae, but afterwards extended by 
us into a grand division under the name Articulata,? for which Von Zittel* afterward sub- 
stituted the preferable term Flexibilia. 

The foregoing definition of the genus was followed substantially by Weller * and by 
Bather ;° but Von Zittel ° still adhered to the exclusion of interbrachials. 

Until that time the distinctive conception of the genus as usually held—aside from the 
pliant calyx and abutting arms—was that of a crinoid with perfect pentamerous symmetry in 
the calyx. The discovery by me of more perfect specimens of J. nobilis, however, disclosed 
the fact that this species has a perfectly distinct anal side, with plates in a tube-like series 
like Taxocrinus; and on this account in 19027 I proposed for it a new genus, Parichthyo- 
crinus. The removal of this species restored the parent genus to its former position with 
rays in lateral contact, without the intervention of anal and interbrachial plates, and, as was 
still supposed, with perfect pentamerous symmetry. It is true that Weller,® in his redescrip- 
tion of I. subangularis, had noted the fact that there were “ costals two, rarely three, in each 
ray ’; but that was considered to be a mere irregularity such as was supposed to pervade 
the whole group, and not as contradicting the idea which until then prevailed that this genus 
was the simplest of them all, having a perfectly symmetrical calyx without anal or inter- 
brachial plates, and ranging in this simple form from the Silurian to the Carboniferous. 


* Proc. Acad. Nat. Sci. Philadelphia, p. 252. 

* Revision of the Palaeocrinoidea, pt. 3, sec. I, 1885, p. 6. 
*Grundztige der Palaeontologie, 1895, p. 137. 

* Chicago Acad. Sci., Bull. 4, pt. 1, 1900, p. 145. 

°In Lankester’s Zoology, pt. 3, 1900, p. 188. 

“Op. cit., p. 138. 

* American Geologist, vol. 30, p. 96. 

* Chicago Acad. Sci., Bull. 4, 1900, p. 146. 
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Such was the state of opinion when I discovered and pointed out in 1906 * that in all the 
Silurian species of this genus there is an extra plate in the right posterior ray situated directly 
underneath the radial, and identified this plate as the Radianal in its primitive position as an 
infer-radial, just as it had been found in the Taxocrinoid genus Temmnocrinus, and in the 
Inadunate genus Dendrocrinus. 

This discovery made it necessary to remove the Carboniferous species, in which the 
radianal was found to be absent, under the name Metichthyocrinus, thus leaving [chthyo- 
crinus, so far as then known, a purely Silurian genus. 

The history of this genus is an instructive example showing how, under the influence of 
prevalent notions and modes of interpretation of fossils, palpable facts having a most impor- 
tant bearing upon their zoological relations may be overlooked or ignored throughout a 
series of apparently careful researches by conscientious naturalists extending over half a 
century. The existence of the extra plate in one ray has been plainly evident ever since Hall 
published his fine figures of J. laevis in 1852; but from the point of view from which paleon- 
tologists considered it this fact had no significance, and was treated as a mere irregularity. 
It comes to the front now as the firm basis for a much desired separation between the 
Silurian and Carboniferous species, which I think must gain the approval of every careful 
student of the crinoids. 

Throughout all the shifting of opinion just recited touching the definition of the genus, 
there is one reliable fact, viz. that we know to a certainty the form upon which Conrad 
founded the genus, which he figured as his-typical species, and which his contemporary, Hall, 
had in mind when he brought together under it the American and British species as identical. 
And it is a satisfaction to find, as the final outcome of these various changes, that we are led 
by a plain and evident road back to the original species as the sure and unmistakable founda- 
tion of the genus. 

The most characteristic feature of [chthyocrinus is the complete absence of interbrachial 
structures, either anal or otherwise. This fact, together with the generally small size of the 
basals, produces a rapid increase in the width of the primibrachs from the radials up. There 
is nothing that can properly be called a calyx such as is recognized in crinoids generally. 
The basals, even when the largest, are not entirely free from the stem, and the radials are 
much smaller than the succeeding primibrachs, being sometimes also partly covered by the 
stem. The main constructive energy of this crinoid, so far as can be seen from the dorsal 
side, seems to have been directed toward the brachial system, which has an uninterrupted 
sweep from the very base of the crown to its summit, giving to the fossils of the genus a 
habitus so peculiar that it can be recognized from the smallest fragment of the calyx. This 
peculiarity is shared by Parichthyocrinus and Metichthyocrinus from the Carboniferous, so 
that a view of the posterior ray, or a knowledge of their geological position, is necessary to 
distinguish them. Clidochirus has something of the same aspect, but less pronounced by 
reason of the larger basals and the presence of an anal plate; and it prevails to a greater or 
less extent throughout the family Ichthyocrinidae. 

The interlocking of the rays and their divisions is also a very marked character of this 
genus. Beginning with the primibrachs there is a slight irregularity in the height of the 
corresponding plates of adjacent rays, so that one suture stands at a little higher level than 
the opposite one. Thus the plates of the same ranges alternate somewhat with each other, 
and the vertical lines of junction between the rays and their subdivisions are not straight, but 
somewhat zig-zag. This structure produces a firm interlocking of all these plates up to and 
including most of the third order, beyond which the arms gradually become free, though 
usually still abutting. The height to which the interlocking continues varies with individual 
growth, and perhaps with different species; it is less in young individuals than in those of 
mature age. There is, however, no point where the arms can be said regularly to become 


*Journal of Geology, vol. 14, pp. 475 et seq. 
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free as in many other crinoids, or can be distinguished from the ray. divisions of which they 
are mere direct extensions. In other words, we cannot tell from the dorsal side where the 
calyx ends and the free arms begin. This is a character largely prevalent throughout the 
group, but it is especially marked in Ichthyocrinus. From this interlocking of the rays, and 
the manner in which the arms are usually found tightly folded over the tegmen, it might be 
supposed that the spread of ventral surface for the gathering of food was not very wide. 
It is evident however, that the arms were much longer than would be judged from the general 
appearance of the specimens; they become very slender, and are coiled at least two or three 
times after disappearing from view on the outside (Pl. XXXV, fig. 16). 

In its basal structure Ichthyocrinus exemplifies to the extreme the character upon which 
the family is now defined. The infrabasals, and to a considerable extent the basals, have 
ceased to form a part of the calyx wall, and there is a tendency in the former to atrophy ; 
they are very.small, always completely covered by the top columnal, and in one species, prob- 
ably two, they have entirely disappeared, leaving in their place a large opening communicat- 
ing with the chambered organ. In considering this character Angelin’s figures must be 
altogether ignored; his plate 22, figure 22, of pyriformis, shows prominent and projecting 
infrabasals, whereas there is nothing of the kind in the specimen (Pl. XXXII, fig. ga, 
herein). 

The axial canal entering the stem from the base is obtusely pentagonal in outline, its 
angles radial in position; immediately inside the calyx it enlarges and projects above the 
floor of the cavity in a raised funnel-shaped rim the lobes of which, so far as observed, coin- 
cide with the basals and are therefore interradial (Pl. XX XIII, figs. 9b, c; text-fig. ta). In 
the specimen illustrated, which is the only one showing the inner floor of the base, the funnel 
is not perfect all around owing to injury, but it probably surmounted all the basals with five 
lobes, upon each of which a shallow channel passed down over the inner edge of a basal 
toward the infrabasals. Comparing this with the similar funnel of Forbesiocrinus saffordi 
shown in several figures on Plate XXX, it will be noted that there it is exterioriy trilobate, 
coinciding with the three infrabasals from whose inner edges it rises; but that the lobes are 
divided by septa in such a way that the five resulting channels pass downward through the 
infrabasals interradially. 

In Ichthyocrinus, the infrabasals being too minute to afford space for such structure, it is 
formed upon the edges of the five basals, and is therefore five-lobed. In this shape at the 
level of the basals it doubtless lodged the chambered organ, from which the axial cords 
passed down toward the stem. Being interradial in conformity with the orientation of the 
basals, they would be expected to continue in that position; but such is not the case. The 
channeled lobes of the funnel are bounded by very thin septa, which instead of being straight 
curve to the right sufficiently to make the channels in the radii of the stem lumen radial in 
position. In other words, the axial canal in passing from the basals to the stem has under- 
gone a revolution of 36 degrees in order to become radial; whereas in Forbesiocrinus saffordi 
the channels are interradial where the funnel originates on the infrabasals and continue so 
into the stem. 

When the original figure 9c was drawn the exact structure of the funnel was not under- 
stood, and the extremely thin septa were overlooked. These may now be seen in text-figure 
Ia (p. 35) of the interior, drawn with sufficient enlargement to show how the septa twist to 
the right as they pass downward. This evidence of an actual revolution in the position of 
the axial canal may help to explain the perplexing variations of its orientation in the few 
genera where it is known. The rarity of specimens in which it can be traced, except in one 
species, renders generalization upon this character uncertain. 

The basals are never entirely exposed to view; they are always more or less covered by 
the column, and therefore their lower angles cannot be seen from the exterior. Hence in 
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species where they are the largest we only see them as pentagons; in others where they are 
hidden more deeply under the column the vertical sutures disappear, and only very small 
triangular points remain; and in still others the basals cannot be seen at all, the radials rest- 
ing directly on the column. 

The radianal, resting in the angle formed by two infrabasals and in contact with a radial 
at each side and above, is necessarily pentangular, but this is not always fully disclosed in a 
lateral view. It is disproportionately small as compared with the succeeding plate, or with 
the corresponding radial in other rays; it has frequently the appearance of an ill-formed 
plate, either imperfectly developed or in process of elimination; it often lies below the line 
of the radials in the other rays, and is entirely covered by the column. See various forms of 
this plate on Plate XX XV. 

The number of primibrachs seems constant except for an extra one in a single Swedish 
specimen. The secundibrachs are generally four, with variations of from three to five in 
occasional rays, but in one species the number seems constant at three. Beyond this the 
number of brachials in the successive divisions is inconstant ; the branching loses its perfectly 
isotomous character and becomes more or less unequal. The number of tertibrachs is greater 
in the outer rami, and varies between 7 and 12, rarely exceeding the latter, and there are 
other bifurcations beyond them. 

We know nothing of the tegmen from actual observation, but there is no reason to doubt 
that it is essentially similar to that of the other genera of this group in which it has been 
found—that is, a flexible disk with the ambulacra running along the surface from the open 
mouth to the arms. 

The calyx wall had a certain amount of pliability, combined with strength. In the 
upper part the plates are relatively deep, or thick dorso-ventrally, and fit together like stones 
in an arch. This arch-like construction of the calyx, with the arms closely folded over it, 
must have given to the crown great strength in the upper part to resist compression, since 
notwithstanding the pliant test many of the specimens as found are fairly rotund. 

The column has the general structure which prevails in the columns of the majority of 
genera of this group, and differs scarcely any among the species in which it is known. It is 
composed throughout the greater part of rather long ossicles alternating with short ones 
until near the junction with the calyx, where it gradually widens to nearly or quite the diame- 
ter of the base, covering the infrabasals and in some species the basals, radianal and part of 
the radials. In the expanded portion next to the calyx, and sometimes for a little distance 
below it, the columnals are very thin, and equal. Maximum length of column as shown by 
two complete specimens obtained after the plates were printed 23 cm. 

Ichthyocrinus is one of the most widely distributed genera of the Crinoidea, being 
found in various American states from Tennessee to New York, and in England, Sweden 
and Bohemia ; but its geological range is not great, being limited chiefly to the Silurian but 
with two species in the Lower Devonian. Its direct successor was Metichthyocrinus in the 
Carboniferous, evolved by the elimination of the radianal through intermediate stages which 
have not yet been discovered. 

In a genus like this, where the interbrachial system is wholly undeveloped and the 
brachial arrangement so simple as to admit of but little variation, characters for the satis- 
factory definition of species are not readily discerned. In all the original specific descrip- 
tions scarcely anything was given beyond the characters pertaining to the whole group, or to 
the genus; so we get very little assistance from any of them. The difficulty is heightened by 
the paucity of the specimens and their too frequently imperfect condition. IJchthyocrinus 
has always been one of the rarest forms of fossil crinoids, and collectors have considered 
themselves fortunate to have any examples of it, however imperfect. The figures given 
herein represent substantially all the important specimens that have been found during the 
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past century in England, Sweden and America, with the exception of some belonging to 
I. pyriformis from Dudley which is somewhat better represented than other species, and the 
casts of J. corbis from Chicago. 

The form and proportions of the crown are not as serviceable characters in practice 
as they should be, for the reason that in so many cases the specimen as found is distorted or 
flattened by pressure, or only the lower part remains. The restorations I have made, based 
on careful measurements of several specimens, show how erroneous an impression one may 
gain from a flattened individual. Some range of variation is to be expected in this charac- 
ter, but it is not so great in this genus as I had supposed. Measurements yielding certain 
relative proportions show an average uniformity in the modifications of general form which 
is of service in the separation of species. 

The sinuous outline of the transverse sutures, which has been relied upon in some cases 
as a specific character, must be left out of consideration ; because as has already been shown 
in regard to the group in general, while the sutures are more or less wavy on the exterior, 
they are perfectly straight a short distance inward; so that by a little weathering of the fossil 
the sinuosity is effaced and the suture appears straight. The so-called “ patelloid plates,” of 
which so much has been said in various descriptions, are only an incidental feature of this 
structure, where the downward projecting lip or process at the middle of the proximal edge 
of a plate has become cracked by contraction of the rays or by pressure in fossilization, giving 
the appearance of separate plates. 

The wavy sutures form a marked surface character in the genus, and they are probably 
somewhat more pronounced in some species than others. I doubt if there is any species 
entirely without them. In connection with this there is a peculiarity of the sutures in most 
species—probably in all to a greater or less extent—which Conrad called “ imbricated.” The 
upper margin of the plates is raised into a more or less abrupt step, which gives them the 
appearance of overlapping the edge of the following plate, and it was this fish-scale-like 
resemblance which suggested the generic name. 

The relative development of basals and infrabasals seeins to afford some tangible ground 
for distinction ; and so also does the surface ornament. The latter character is often obscured 
by wear or weathering, but by careful examination near suture lines, or in sunken and there- 
fore better protected places, one may usually discover it if present. Two kinds of surface 
are to be found in this and allied genera: One consists of a very fine network, representing 
the surface growth of the stereom constituting the plates (Pl. XXIV, fig. 11a), such as we 
find on the outer skin of the Recent crinoids ; such a surface should be called smooth. In the 
other the stereom itself is elevated into more or less well-defined granules or small nodes, 
which by their confluence into straight or curved lines form distinct ridges ; or it is excavated 
by pits and furrows, thus producing a rugosity wholly different from the simple meshes of 
the first kind (Pl. XXXII, fig. 11f). This rugosity varies somewhat in intensity, but it is 
doubtful if the degree of such ornamentation is sufficiently constant for use as a specific 
character ; however, the presence or absence of surface markings is apparently constant, and 
furnishes the basis for one of the broadest groupings we have in this genus. ° 

In the description of the species I make no attempt to give measurements, except to 
indicate the maximum or average size, and certain relative proportions which often consti- 
tute a useful guide and bring out the facts as to actual form better than ordinary descriptive 
terms. This practice is especially useful in the treatment of this and allied genera, by 
reason of the misleading appearance of the specimens due to flattening. In order to have 
data for comparison I usually take the width at the level of the upper secundibrach, 
the vertical height from the base to that level, and the diameter by calculation either from 
the circumference measured on free specimens, or computed from the width of the secundi- 
brach at that point. The measurement is taken at the upper margin or apex of the plate 
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mentioned, and to avoid tedious repetition this is not further stated in the description ; thus 
if the data given is for a radial, or a non-axillary brachial, it means at the upper margin of 
that plate; if for an axillary, the height is taken at the apex. Also in this genus and others 
of this family for purpose of better comparison I measure the spread of the calyx from the 
top of the radial, instead of from the base or column facet as is usually done in those of other 
families. 

The size of the crown varies considerably in the different species. J. corbis and I. laevis 
attain a large size, though small specimens are found, especially of the latter species, showing 
marked juvenile characters. J. swbangularis is also a fair-sized species. J. pyriformis and 
I. gotlandicus are generally small. 

The figures given show the average of the available specimens, and my experience with 
this genus is that in relative proportions individual specimens do not depart very widely 
from the mean. It is of little use to give elaborate measurements or proportions of separate 
plates, as they vary too much in the same specimen. In a general way we find that in a 
rapidly spreading species, like. /. corbis, the brachials are proportionally shorter and wider 
than in an elongate, less expanded form like J. subangularis. 

The ten species may be arranged as follows: 


Tue Species oF _[CHTHYOCRINUS 
Silurian Species 
I. Surface ornamented. Calyx without radial ridges. 
Crown pyriform. 


BBswelledevelopedsasl US raustrallliva Abert tertet ett a kta eee I. pyriformis. 
Crown ovoid. : 
BBismallscoveredibyazcolumns MIB seeeaena ee rier ie Mec Onlana vanes. 


II. Surface smooth. 
Crown pyriform. 


BB small, visible as triangles in lateral view. 
Galyxsroundeds wathilows radialitnid ses sus ElD rarer eerie eee I. laevis. 


Crown turbinate or conical. IIBr 4. 
BB large, visible as pentagons. 
Calyx angular, with strong radial ridges. 


Basercontractedttopaytruncatemnie ck renee ener ener ROS Cc I. subangularts. 
Base rounded or curving evenly with calyx wall.............. I. intermedius. 

BB small, visible as triangles. 
Calyx narrowly elongate without radial ridges................... I. conoideus. 


Crown ovoid. 


BB small, covered by the column. 
Calac aagulkur, qirtin maciall miclees, IUIBP S5ccoccoosc0cos0d0cce I. phillipsianus. 


@alys< rounded ® withwobscuremadiallnidcesea UDI A seer eee I. corbis. 


. 


Devomian Species 


Surface smooth. Calyx without radial ridges. 
Crown pyriform. 
Bibssmall covered byathexcolumanaeUN 12 eee errr reir I. devonicus. 
Crown ovoid. 


BBrunknowny  UIBr 3522. .2-. LSID NC Ne RTS: ROR ie Oe I. bohemicus. 
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Ichthyocrinus pyriformis (Phillips) 
Plate XXXII, figs. 1-13 


Cyathocrinites pyriformis Phillips in Murchison, Silurian System, 1839, p. 672, pl. 17, fig. 6. 

Carpocrinus pyriformis, Muller, 1843, p. 33. 

Cyathocrinus pyriformis, Hall, Nat. Hist. New York, Pal. II, 1852, p. 196.—Quenstedt, Petrefaktenkunde 
Deutschlands, IV, 1876, p. 502. 

Ichthyocrinus pyriformis, D’Orbigny, Prodr. Pal. Stratigraphique, I, 1849, p. 46—Morris, Cat. Brit. Foss. 
and Ed. 1854, p. 83—M’Coy, British Palaeozoic Fossils, 1854, p. 54.—E. Billings, Canadian Nat. 
and Geol., I, 1856, p. 59.—FPictet, Traité Paléontologie, IV, p. 319.—Phillips in Murchison, Siluria, 
3d Ed., 1850, p. 246 [I[chthyocrinus (Cyathocrinites) on plate] pl. 14, fig. 8—Beyrich, Monatsber. 
Akad. Wiss. Berlin, 1871, p. 45 (Transl. in Ann. and Mag. Nat. Hist., (4) VII, p. 403.—Salter, Cat. 
Cambrian and Silurian Fossils, 1873, p. 126.—Angelin, Icon. Crin. Sueciae, 1878, p. 13, pl. 22, fig. 22 


22, 


(not pl. 17, fig. 6 = Clidochirus).—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, 
p. 35.—Quenstedt, Petrefaktenkunde, 1885, p. 947, pl. 76, fig. 1—Bather, Ann. and Mag. Nat. Hist., 
(6) IX, Mar. 1892, p. 206; (piriformis) Rep. Museums Assoc. for 1891 [1892], p. 92; Treatise on 
Zoology (Lankester) pt. 3, 1900, p. 188, fig. 108.—Springer, Jour. Geology, XIV, 1906, p. 477. 

Curious Fossil, Ellis, Philosophical Transactions, LII, 1762, p. 361, pl. 13, Fig. B. 

Encrinus, Whitehurst, An Enquiry into the Origin, State and Formation of the Earth, 1786, p. 235, pl. 7, 
fig. I (after Ellis). 

Fig Pentacrinite Parkinson, Organic Remains of a Former World, 1808, pp. 258, 270, 271, 274, pl. 10, 
fig. 2 (after Ellis). 

Cyathocrinites tuberculatus Miller (in part), Nat. Hist: Crinoidea, 1821, p. 88, fig. 2. 

Pentacrinus tuberculatus, Quenstedt, Petrefaktenkunde Deutschlands, IV, 1876, p. 193, pl. 97, fig. 7. 

Ichthyocrinus laevis, Angelin (in part) 1878, p. 13, pl. or, figs. 17a-c (not pl. 22, figs. 20, 21=TJ. got- 
landicus). 


A rather small species. Crown elongate, pyriform, with truncate base; 
expanding gradually, with spread of calyx from RR to upper IIBr of 1 to 4; 
height to width at that level, about 1 to 1.3; greatest width, about II] Brs. Side 
outline of calyx generally curving from concave below to convex; cross-section 
subcircular; median radial ridges obscure or absent. Crown of maximum 
specimen, 42 mm. high by 26 mm. wide at [VBr; but the average size of the 
specimens is much less—about 22 by 18 mm.; average width of base, 4 mm. 
Surface ornamented with small raised granules, often confluent and forming 
ridges or wrinkles parallel to margin of plates. 

IBB of moderate size, covered by column. BB touching column, appear- 
ing in pentagonal outline, and usually well developed, but not large or com- 
pletely exposed. Brachials somewhat rounded transversely, lower ones 
averaging twice as wide as high, proportionally wider above. IIBr generally 
4, sometimes 3; [11 Br, 5 to 9, with one or two more bifurcations visible. Column 
expanding rapidly at the calyx to a diameter equal to that of the base. 


This species resembles J. Jaevis more closely than any other, and Hall* considered them 
identical ; while Angelin* referred a Gotland specimen of pyriformis to the latter species. 
The original description, though meager, throws some light upon its specific relations. 
Phillips, whose intuitive judgment of characters was always sagacious, was struck by the 
essential peculiarities of the form, and while describing it under Cyathocrinus stated that it 
ought probably to constitute a new genus; and he called attention to the great width, general 
equality, and lateral union of the plates as constituting easy characters—a generic definition 


*Nat. Hist. New York, Geol. Fourth District, 1843, p. 112; idem., Palaeontology, vol. 2, 1852, p. 196. 
*Icon. Crin. Suec., 1878, p. 13. 
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fully as good as Conrad’s. He gave however a very good figure (Silurian System, pl. 17, 
fig. 6), which affords a clear idea of the general form and proportions ; and this, added to one 
more item mentioned in his brief description, enables us to recognize his species without any 
doubt. That is: “the surface is marked by a faint, irregular ornamentation, not unlike 
Cyathocrinus tuberculatus.” 

M’Coy in 1854 referred the species to Conrad’s genus, and gave a revised generic 
description, in which some important additional characters are pointed out—notably the 
absence of interradial plates. He also redescribed the species, giving a correct account of 
the column, but otherwise furnishing no new information. Most of his lengthy description 
is devoted to detailed measurements of various plates and “ fingers,” which unless given in 
the form of relative proportions amount to nothing more than the description of parts of a 
particular specimen. 

Angelin identified the species among the Swedish forms, with good reason as to one of 
the specimens he figured (Icon. Crin. Suec., pl. 22, fig. 22), but not as to the other (ibid., 
pl. 17, fig. 6) which is a fine example of his genus Clidochirus. 

I have copied Phillips’s original figure (Pl. XX XH, fig. 1), and along with it I have 
given figures, both natural size and enlarged, of a specimen in my collection from the same 
locality which in size and form is almost a counterpart of the type (ibid., figs. 2a, b, c). An 
enlarged figure of one plate of this specimen (fig. 2d) shows the character of the ornamenta- 
tion found on the English specimens. Several other specimens in my own collection and in 
the British Museum, from the typical locality at Dudley, England, and having the charac- 
teristic ornamentation (which scarcely appears in a drawing of natural size), show the small 
variation in form that is found. ‘The resultant of all these taken together is an elongate, 
pyriform crown, in its proportions quite similar to that of J. Jaevis, but correspondingly dif- 
ferent from the broadly spreading ovoid crown of J. corbis and I. gotlandicus. It is gener- 
ally a more delicate form than J. laevis, the one large specimen from Gotland being very 
much larger than any of the others. Besides this the surface ornament clearly differentiates 
the two species. 

In addition to several views of Angelin’s plate 22, figure 22, erroneous in showing pro- 
jecting IBB like Clidochirus (see Pl. XXXII, figs. ga-e herein), I have figured on the same 
plate three other specimens of this species from Gotland with structural details still further 
illustrating the surface characters. Of these figures 11a-g are from Angelin’s plate 9, 
figure 17, referred by him to J. Jaevis, and figures 13a, b are from a specimen of unusual size, 
much larger than the average of the English specimens. In all these it will be seen that 
the base is quite uniform, and altogether different in its development from that of J. got- 
landicus. They, and others which I have examined in English collections, have quite gener- 
ally four secundibrachs all around, with occasional exceptions in some rays, mostly. by way 
of increase in number. I have therefore been somewhat puzzled over one of my specimens 
from Dudley, which has only three secundibrachs in most of the rami, but has the pyriform 
figure, well developed infrabasals, and fairly large basals of this species (Pl. XXXII, 
fig. 7a). It seems to be a variant in the direction of J. gotlandicus, and this is confirmed by 
the measured dimensions which give a proportion of height to width of I to 1.5. 

The specimen figured by John Eills+ in 1762, and copied by Parkinson,? may perhaps 
have been of this species. The figure is probably enlarged, although no mention is made of 
this in the text, and the drawing of the basal parts of the fossil is uncertain. The locality is 
given as Pyrton-Passage in Gloucestershire, where strata equivalent to the Wenlock are 
exposed. 


* Philosophical Trans. Roy. Soc. London, vol. 52, pl. 13, Fig. B. 
* Organic Remains of a Former World, vol. 2, 1808, pl. 10, fig. 2 (reversed in copying). Also by 
Quenstedt as Pentacrinus tuberculatus, Petref. Deutschl., 1876, taf. 97, fig. 7. 
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Types. According to Murchison (Silurian System, p. 702) Phillips’s figure and descrip- 
tion were made from a specimen belonging to Mrs. Downing of Dudley, England, but its 
present whereabouts is unknown. Of the others figured on Plate XXXII, figures 4, 5, 6, 8 
are in the British Museum; 9, 10, 11, 12 and 13 in the Riks Museum, Stockholm; and 2, 3, 7 
in the author’s collection. 

Horizon and locality. Silurian, Wenlock Group. Chiefly at or near Dudley, England; 
Wisby, Dalham, Faro, and Follingbo (horizon f), Island of Gotland. 


Ichthyocrinus gotlandicus Wachsmuth and Springer 
Plate XXXV, figs. 1-16 


Ichthyocrinus gotlandicus \WWachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 34.— 
Springer, Jour. Geology, XIV, 1906, pl. 6, fig. 6. 
Ichthyocrinus laevis, Angelin (in part), Icon. Crin. Sueciae, 1878, p. 13, pl. 22, figs. 20, 21, not pl. 9, 
figs. 17, 17a-c. 


A small species. Crown ovoid to low pyriform, with truncate base; ex- 
panding rapidly from base beyond IIBr, the spread of calyx from RR to upper 
IIBr being 1 to 4; height to width at same level, about 1 to 1.6. Side outline of 
calyx curving from concave to convex; no radial ridges; cross-section circular. 
Surface ornamented with small raised pustules. Plates but little imbricated. 
Maximum crown, about 25 mm. high by 17 mm. wide at upper II]Br; a larger 
fragment, 13 by 20 mm. at upper I] Br; average width of base, about 4.5 mm. 

IBB very small, usually atrophied or entirely wanting. BB small, re- 
stricted to the column facet, or visible in side view only as mere points. RR and 
RA touching the column, RA usually entirely covered by it. [Br generally 3; 
IlIBr 4 to 7. Average height to width of brachials above IBr, about 1 to 3. 
Column unknown below proximal columnals, which are as wide as the base. 

In his Iconographia Crinoideorum Sueciae, Angelin figured two specimens from 
Gotland which he referred to Ichthyocrinus laevis of Conrad and Hall (op. cit., pl. 9, 
figs. 17a-c; pl. 22, figs. 20, 21). Wachsmuth and Springer * disagreed with this identification, 
holding the Swedish specimens to be distinct from the New York species ; and proposed for 
them the name J. gotlandicus upon the grounds stated. A careful examination of Angelin’s 
specimens, together with several others since discovered, confirms their separation from the 
American form; but it also raises a rather close question as to what should be called J. got- 
landicus, owing to the fact that the two specimens figured by Angelin and included in 
Wachsmuth and Springer’s reference do not themselves belong to the same species. Our 
diagnosis of the species must be gathered from the following paragraph in the Revision, 
Pp. 34: 

The European form is pear-shaped instead of ovoid, the plates ornamented, but without any surface 


angularity, and with nearly straight sutures; while the New York specimens have plates with smooth but 
angular surface, and very distinct waving sutures. 


As to the general form we were misled by the figures of Conrad and Hall, which as 
elsewhere explained appear ovoid merely because made from flattened specimens, whereas 
T. laevis in its undistorted condition is pyriform. Furthermore, only one of Angelin’s speci- 
mens (Icon. Crin. Suec., pl. 9, fig. 17) is pyriform, the other being a low ovoid (see my 
Pl. XXXV, figs. ta, b). The distinction based upon the sutures must also be abandoned, 


* Revision of the Palaeocrinoidea, pt. 1, 1870, p. 34. 
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because we have since learned that all sutures in this genus are more or less sinuous at the 
outer surface and straight underneath, so that this character is a mere matter of preservation. 
Angelin’s figures of his specimens were not accurate as to this; both of them show waving 
sutures in many places, as will-be seen by comparison of the new figures now herein given 
from the careful drawings of Liljevall (Pls. XXXII, fig. 11a; XX XV, figs. ta, b). As to 
surface angularity produced by median ridges following the radial lines, the first of these 
figures shows it to a slight extent, while the last does not. The remaining part of the obser- 
vation was well founded and correct. : 

The result of the comparison of Wachsmuth and Springer’s specific characters with the 
facts observed in the two specimens is therefore as follows (the reference being to my 
figures) ; (1) ornamented surface, present in both; (2) pear-shaped form, in Plate XXXII, 
figure 11 but not in the other; (3) surface angularity, in Plate XXXII, figure 11 not in the 
other; (4) straight sutures, in neither. Thus the one character common to both is the 
ornamented surface, and this applies equally well to J. pyriformis. Upon the second and 
third characters Plate XXXII, figure 11 agrees with that species, and for other reasons as 
well must be referred to it. This leaves only Plate XXXV, figures 1a, b, which as to the 
second and fourth characters stated by the authors does not agree with the diagnosis of 
I. gotlandicus. Nevertheless, as the general form is not wholly constant and cannot be 
regarded as a predominant character, it seems to me that we are at liberty to select such of 
the Swedish forms as are ornamented and without surface angularity, and then limit the 
species by such other characters as we have found to be important and can define by means 
of later observations. 

As the ornamented surface is also shared by J. pyriformis we must look for characters 
differentiating that species, and when by this means J. pyriformis is detached, that which is 
left may be taken as [. gotlandicus. Such a character may be found in the development of 
the basals, bringing Plate XXXII, figure 11 under J. pyriformis on account of their large 
size, aided by the presence of four [IBr as against three. There will thus remain the 
Swedish specimens which have the basals very small, visible if at all in a side view only as 
mere points, and usually three I[Br; with these characters Plate XXXV, figure 1a, b alone 
out of Angelin’s specimens agrees, and it may therefore be taken as the type of a very well- 
defined species, of which we have now a number of other characteristic specimens from 
Gotland. Thus it results that of Angelin’s figures under the name Jchthyocrinus laevis, his 
plate 9, figures 17a-c=I/. pyriformis (Pl. XXXII, figs. 11a-g herein) ; and his plate 22, 
figures 20, 21=/. gotlandicus (Pl. XXX\V, figs. 1a, b, herein). 

Mr. Liljevall has drawn for me all the specimens that are known at Stockholm, includ- 
ing two views of Angelin’s plate 22, figures 20, 21 (Pl. XXXYV, figs. Ia, b herein), and the 
beautiful enlarged figure of a fragment (fig. 16) showing the manner in which the distal 
ends of the arms are coiled, proving that the arms were much longer, and afforded more food- 
gathering surface, than appears from the usual condition of the specimens. 

The crown is a low, broadly swelling ovoid, with sidés strongly convex, except for a 
very short reverse curve in some specimens just above the base. The average of seven 
Gotland specimens gives a proportion of height to width of 1 to 1.6 at the upper IIBr, which 
is about that of J. corbis; but it is in marked contrast to the form of I. pyriformis, where the 
same dimensions are as I to 1.2. All these specimens have also quite uniformly three secundi- 
brachs, as contrasted with the usual four in the Swedish and English specimens of 
I. pyriformis. 

It is now most interesting to observe in the six Swedish specimens of which we have 
the basal view (Pl. XX XV, figs. 2-6, 15), how the peculiar construction of the base cor- 
relates with these two characters and differs from that of nearly all other species. The basals 
are very small, occupying little over half the space covered by the top stem ossicle; only 
occasionally does the narrow tongue of one of them reach to the outer surface so as to be 
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visible as a mere point. The radials and radianal all come down to the stem and rest upon it. 
The infrabasals have completely disappeared, and in the place they once occupied there is 
now only an open space, larger than the lumen of the stem, but representing the axial canal 
of the calyx where it opens out into the chambered organ. The large size of this opening 
negatives the idea that the loss of the IBB was due to their adhering to, or fusing with, the 
stem, as in Forbesiocrinus and some other genera of this group. If it were so, the axial canal 
should remain of the normal size. 

The space thus left by the disappearance of the infrabasals is of course radial in posi- 
tion, as they were, and it coincides with the usual orientation of the stem canal in pseudo- 
monocyclic or crypto-dicyclic crinoids such as /socrinus. A similar condition occurs in 
Cleistocrinus, Euryocrinus and Amphicrinus, where the IBB are also wholly or partially 
resorbed. 

Among the specimens figured is the one mentioned by Angelin on p. 13 of the Icono- 
graphia under [. pyriformis as having been deposited by Dr. Linnarsson in the Geological 
Museum at Stockholm (PI. XXXV, figs. 15a-c), which appears at first glance to be a depar- 
ture from the characteristic form of the species in the direction of [. pyriformis; yet the 
measurement of dimensions at the upper I]Br gives nearly the average proportion for the 
species, I to 1.5, while the base tells the story exactly (fig. 15¢). 

: Types. The original of Angelin’s pl. 22, figs. 20, 21, must be regarded as the type, and 
the other Swedish specimens figured herein, except Plate XXXV, figure 15, as cotypes. All 
are in the Riks Museum at Stockholm. 

Horizon and locality. Silurian, Wenlock Group, horizons d and f; Gotland, Sweden. 


Ichthyocrinus laevis Conrad 
Plate XXXIII, figs. 1-13 


Ichthyocrinus laevis Conrad, Jour. Acad. Nat. Sci. Philadelphia, VIII, 1842, p. 270, pl. 15, fig. 16.— 
D’Orbigny, Prodr. Pal. Stratigraphique, I, 1849, p. 46——Hall, Nat. Hist. New York, Pal. II, 1852, 
p. 195, pl. 43, figs. 2a-p—E. Billings, Canadian Nat. and Geol., I, Feb. 1856, p. 50, pl. frontispiece, 
fig. 4——Pictet, Traité Paleontologie, IV, 1857, p. 310, pl. 100, figs. 17a, b—Beyrich, Monatsber, 
Akad. Wiss. Berlin, Feb., 1871, p. 45 (Transl. in Ann. and Mag. Nat. Hist., (4) VII, p. 403).— 
Quenstedt, Petrefaktenkunde Deutschlands, IV, 1876, p. 515; Handbuch Petrefaktenkunde, 1885, 
p. 947.—Von Zittel, Handb. Pal. 1870, p. 356, fig. 243; Grundztige Palaeontologie, 1895, p. 138, 
fig. 270; IQI0, p. 165, fig. 300.—Miller, N. A. Geol. and Palaeontology, 1880, p. 256, fig. 344.—Zittel- 
Eastman, Textbook Paleontology, 1896, p. 164, fig. 270; 1913, p. 204, fig. 305——Grabau, 1901, p. 159, 
fig. 54.—Springer, Jour. Geology, XIV, 1906, p. 477, pl. 6, fig. I. 

Cyathocrinites pyriformis, Hall, Nat. Hist. New York, Geol. Fourth District, 1843, p. 111, fig. 3, p. 112, 
elo), 17f, sitey, A. 

Lecanocrinus simplex, Hall, Nat. Hist. New York, 1852, Pal. II, p. 202, pl. 46, figs. 2a-e. 

Not Ichthyocrinus laevis, Angelin, Icon. Crin. Sueciae, 1878, p. 13, pl. 22, figs. 20, 21—TJ. gotlandicus; 
nor pl. 9, figs. 17, 17a-e =I. pyriformis. 


Type of the genus. 

Species variable, attaining a large size. Crown elongate pyriform, with 
truncate base; expanding gradually from base to about the upper II] Br; height 
to width at upper [1 Br, about 1 to 1.6; spread of calyx from RR to same level, 
about 1 to 4. Side outline of calyx concave below, becoming convex upward, 
cross-section about circular; sometimes with slight projections at the radial 
ridges. Plates strongly imbricated; surface smooth. Maximum crown, 75 mm. 
high by 52 mm. wide at upper IIIBr; minimum, 14 by 11 mm.; average width 
of base, 6.5 mm. 
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IBB small, covered by column. BB small, not wholly exposed, visible as 
triangles beyond the column in side view; relatively larger in young specimens, 
which are also more elongate in general dimensions. Brachials obtusely rounded 
into a low median ridge, increasing in angularity upward, and well-marked in 
the upper ray divisions; median elevation of rays more apparent in flattened 
specimens, and scarcely observable at the lower part in rotund ones. IIBr gen- 
erally 4, sometimes 3. Average height to width of 1Br, about 1 to 2; of IIBr, 
about 1 to 3. Column long, proximally enlarged, expanding rapidly for a few 
ossicles to the diameter of the base; below this it is relatively small, diminishing 
in a medium-sized specimen from 5 mm. to 3 mm. continuing thus to near the 
distal end where it slightly enlarges. It is smooth, composed of nearly uniform 
columnals, and is at least 23 cm. in length. 


Conrad’s description of this species, like many of the earlier descriptions in this group, 
was short, but it contained one important point; it reads, “ there is much resemblance in the 
markings of this fossil to the scales of a fish, whence the generic name is derived.” This 
feature, which he also gives as a generic character, is found in most of the species, but it 
is particularly well-marked in this, and distinguishes it from /. subangularis as usually found 
in the Waldron shales. It is illustrated on Plate XX XIII, figure 3d, where it will be seen that 
the plates do not actually overlap, but the upper transverse margin is rather abruptly raised 
just at the suture line, giving somewhat that appearance. In some specimens this projection 
is quite sharp and prominent, and can be easily felt by running the finger nail downward 
against the sharp little steps. In the English species /. phillipsianus this transverse elevation 
is considerably higher, and involves a larger portion of the plate (Pl. XXXVI, fig. 14c). 

Conrad’s figure (op. cit., pl. 15, fig. 16) leaves no doubt that it represents the species 
found in the Niagaran shales at Lockport, New York, but if we did not have other specimens 
in similar condition for comparison it would be misleading in several particulars. It is made 
from a flattened specimen, and the sides appear as if convex almost from the stem. The 
base and small part of the stem shown are too small, doubtless because not perfectly cleaned 
from the matrix. In a normal specimen the base is fairly broad, and the side of the calyx 
expands upward with a slight inward or concave curve, which is soon reversed into a broad 
convex outline extending to the level where the arms are folded inward—the zone of greatest 
width being a little over half way up, and considerably above the level where the curve 
changes. This is well shown in such rounded specimens as Plate XX XIII, figures 3, 4. But 
with a flattened specimen the side outline is very different ; the whole effect of the reversed 
~ curve is lost and the calyx appears convex from the base up, as in Conrad’s figure. In order 
to show the result of such flattening I have given, along with the figures of several such 
specimens, their curved outlines obtained by calculating the diameter from accurate measure- 
ments at four zones (Pl. XX XIII, figs. tob, 11b, 12b, 13c). 

These figures show what a substantial uniformity there is in the contour of the speci- 
mens, however much altered by pressure. In young specimens the characteristic figure has 
not been fully attained; they are more ovoid, and also more elongate (figs. 5, 6). The 
specimens vary somewhat in the prominence of the median radial ridge in the lower part, 
where it is often quite obscure, especially on rotund specimens; but it is always distinct in 
the higher parts of the rays, where it becomes quite angular. The column is rather small for 
the size of the crown except at the calyx where it is flush with the base, and tapers very 
rapidly for a few thin columnals to little more than half that diameter; thence it continues 


* Jour. Acad. Sci. Philadelphia, vol. 8, 1842, p. 270. 
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with perfectly smooth, straight, slightly alternating columnals of uniform diameter until 
toward the distal end where it is somewhat enlarged. I have three specimens (obtained too 
late for figuring) in which the column is preserved to a distance of about 23 cm., where a 
branching root begins to appear. 

In average size, and the low, sharp imbrication of the plates, this species resembles 
I. corbis; but its radial ridges are stronger, basals larger, and it lacks the low, broad, convex 
figure of that species. Of all other species it most resembles J. pyriformis, with which Hall 
identified it; but the absence of surface ornament and the stronger imbrication of the plates 
in this will readily differentiate the two. 

Angelin identified a Gotland form as J. Jaevis (Icon. Crin. Suec., pl. 9, fig. 17), which is 
clearly distinct by reason of its ornamental surface, smaller basals and other characters, as 
has been more fuily shown under J. pyriformis to which it belongs, and in the discussion of 
I. gotlandicus. 

In the year following Conrad’s publication of his species and genus, Hall in the Geology 
of the Fourth District of New York, p. 111, figure 3, published a figure of a flattened specimen 
with part of the stem attached, which he described on page 112 under the name of Cyatho- 
crinites pyriformis (Ichthyocrinus laevis), declaring that he had “no doubt of the identity of 
the fossils figured by Mr. Murchison and Mr. Conrad.” Nine years later, in the Palaeon- 
tology of New York, vol. 2, p. 195, he redescribed the genus and species at considerable 
length under Conrad’s name, stating at the same time that “the genus is known only in a 
single species,” and adhering to his former opinion, stated that “this is probably the same 
species figured by Murchison as Cyathocrinus pyriformis, and is perhaps identical with 
figure 2 of Miller’s Cyathocrinus tuberculatus.” He added: “ The structure, however, shows 
conclusively that it should constitute a distinct genus. The remarkable character of an 
undeveloped tripetaloid base assimilates it with the crinoids having this structure, or three 
pelvic plates succeeded by five in the second series.” He gave the structure of the calyx 
from the five pelvic plates up, and laid stress upon the tapering base and slender round 
column as distinguishing characters; but he did not mention the imbrication of the plates, 
which was beautifully shown in some of his own specimens. He did, however, well describe 
the structure by which the plates of abutting rays alternate with each other and produce the 
interlocking so characteristic of the genus. . 

Hall illustrated the species very thoroughly with figures of three specimens, accom- 
panied by elaborate diagrams of structural details. Among them are enlarged views showing 
the three “ undeveloped” plates (infrabasals) and five “pelvic plates” (basals) (op. cit., 
pl. 43, figs. 2a-p). I have given new figures of two of Hall’s specimens, 2b and 2c, carefully 
drawn from the original specimens (Pl. XX XIII, figs. 2, 5a). By comparing my figure 2 
with Hall’s figure 26, it will be seen that the stem is not so slender as his figure shows ; and if 
we further compare the figures of my three specimens with stems attached to a greater 
length than his, it will be evident that the stem, on whose thinness Hall and others following 
him have laid particular stress, is by no means so thin as his and Conrad’s figures would 
indicate. And I have no doubt that in these and Hall’s figure 2a, also showing a very thin 
stem, the column was not freed from the matrix to its full diameter. The form of the stem 
in this species is simply that characteristic of the genus, and is of the type which extends 
through almost the entire group ; that is, large at the junction with the base and composed of 
very thin columnals, tapering gradually for a short distance and then becoming cylindrical, 
with alternating short and long columnals. 

Billings * in 1856 published a description of this species, which was taken from Hall, 
and gave no additional information. Hall’s figure 2a, evidently made from the same speci- 
men as his first figure in the Geology of the Fourth District, 1843, p. 111, figure 3, has been 
copied by S. A. Miller; his figure 2b by Von Zittel and others. Pictet’s plate 100, figure 17a 


* Canadian Naturalist and Geologist, vol. 1, p. 50. 


280 SMITHSONIAN INSTITUTION 


is a fairly good copy of it, and his 17b a reconstruction of 17a with arms closed and a stem 
added from Hall’s figure 2a. It is by the figure 2b that the species has been known to 
paleontologists the world over, rather than by Conrad’s. It is therefore particularly unfor- 
tunate that neither the type specimen of Conrad, nor the original of this much-quoted and 
classic figure by Hall, can now be found after the most careful personal search and extensive 
inquiry. 

The latter specimen was supposed to be in the American Museum of Natural History, 
where the originals of Hall’s 2b and 2c are, together with the beautiful specimen now first 
figured by me (Pl. XXXIII, figs. 3a, b), all being from the original collection of Professor 
Hall. It is so stated in Whitfield and Hovey’s List of Types,! but an examination of all the 
specimens of this species in the collection has failed to discover it. Hall at the end of his 
description (Palaeontology of New York, vol. 2, p. 196) credits all the specimens figured by 
him to the State collection and the collection of Col. Jewett. This specimen cannot be found 
at Albany, and is not claimed in the List of Types published by the State Museum ? in 1903. 
Learning that a part of Col. Jewett’s collection was acquired by Cornell University, I 
also sought for it there, equally without success. 

No better fortune has attended the search for Conrad’s type. It was supposed to be in 
the collection of the Philadelphia Academy of Natural Science, and may in fact be there 
buried out of sight, but neither the specimen nor any trace or record of it can be found. 
As some of the specimens used by Conrad in various descriptions are known to have been 
obtained from Hall, it was thought this one might be in some of the collections formerly 
controlled by him ; but a careful search both at Albany and New York has failed to afford any 

information. There still remained a second large private collection of Professor Hall addi- 

tional to that acquired by the American Museum, stored at Albany until recently, when it 
was purchased by the University of Chicago. Inspection of this material, thanks to the 
courtesy of Dr. Weller, resulted in the discovery of some plaster casts from the original of 
the figure of 1843, such as Hall was accustomed to preserve from specimens borrowed from 
private owners. 

As this information was not obtained until after the plates for this work had been pre- 
pared, ] must refer again to Hall’s two figures of the specimen above cited in order to point 
out some inaccuracies which apparently contradict the specific diagnosis. The earlier figure 
is a rather rough sketch showing the general form but not the definite arrangement of plates. 
That of 1852 in the Palaeontology of New York, volume 2, plate 43, figure 2a, is an artistic 
picture but faulty as to essential details ; it shows five secundibrachs in most of the rays, and 

all the arms uniformly simple beyond the third bifurcation, whereas in the cast the secundi- 
brachs are the usual four, and there is a fourth bifurcation in some of the rami. The cast also 
shows very clearly the presence of the radianal at the base of the right posterior ray, while 
in the drawing that ray is not different from the others. 

I have endeavored to give as complete a representation as possible of the typical species, 
in all stages. The specimen figured by me on Plate XX XIII, figures 3a, b, now in the Amer- 
ican Museum of Natural History, is the finest one of this or any other species of the genus 
that I have seen. Except for a little foreshortening and lateral bending of the infolded arms, 
it is absolutely rotund and perfect. The original of figure 13 on the same plate is the largest 
known specimen ; it is from Grimsby, Ontario, and belongs to the magnificent collection of 
Silurian and Devenian fossils brought together by Sir Edmund Walker of Toronto, Canada, 
and now through his liberality a part of the Museum of the University of Toronto. It is a 
very mature specimen, with six bifurcations in some rays; and owing to age and wear the 
sinuous sutures have almost disappeared from the lower part. In striking contrast to this are 
figures 7 and 8, which are interesting examples of the young stage; the juvenile characters 


* Bull. Amer. Mus. Nat. Hist., Vol. II, pt. 2, 1899, p. 92. 
* Bull. 65 New York State Museum, p. 71. 
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are strongly expressed by the shortness of the rays, which have but a single bifurcation ; the 
larger base and consequent ovoid instead of pyriform crown; and by the stem with its long 
non-alternating columnals. Upon such a specimen Hall proposed his Lecanocrinus simplex. 
None of the specimens show any trace of surface ornamentation in the sense mentioned in 
the generic description. 

Types. The facts as to these are given above. The originals of Hall’s figures 2b and 2c, 
Pal. New York, plate 43, are in the American Museum of Natural History, New York. 
Except where otherwise stated the remaining specimens used in the illustrations are in my 
own collection. Those with stems attached were collected many years ago by Dr. Ringueberg 
of Lockport, and passed into my hands with the rest of his rare collection of the crinoids of 
that region. 

Horizon and iocality. Silurian, the species is confined to the Niagaran group of western 
New York and Canada, and has only been found in the Rochester shales. All the known 
specimens have come from Lockport, New York and Grimsby, Canada. 


Ichthyocrinus subangularis Hall 
Plate XXXIV, figs. I-10 


Ichthyocrinus subangularis Hall, Adv. Abstract Trans. Albany Inst., 1863, p. 7; Trans. Albany Inst., IV, 
1864, p. 201; Adv. Pub. 18th Rep. New York St. Cab. Nat. Hist., 1865, p. 21, pl. 2, figs. 15, 16; ibid., 
20th Rep., Doc. Ed., 1867, pp. 325, 384, pl. 11, figs. 15, 16; Rev. Ed., 1870, pp. 367, 429, pl. 11, figs. 15, 
16; tbid., 28th Rep., 1870, p. 137, pl. 16, figs. 11, 12, 13; 11th Rep. St. Geol. and Nat. Hist. Indiana, 
1882, p. 268, pl. 15, figs. 12, 13; pl. 16, figs. r1-13Wachsmuth and Springer, Revision Palaeocri- 
noidea, pt. I, 1879, p. 35.—Miiller, Jour. Cin. Soc. Nat. Hist., 1V, 1881, p. 175; sep. p. 10; N. A. Geol. 
and Palaeontology, 1880, p. 256.—Weller, Bull. 4, Chicago Acad. Sci. 1900, I, p. 146, pl. 15, figs. 3- oy 
Springer, Jour. Geology, XIV, 1906, p. 477, pl. 6, fig. 2. 


A large species. Crown elongate, narrowly turbinate or obconic below the 
widest part, contracting into a distinct neck at the base next to column facet; 
subangular from radials up owing to median elevation of the brachial series; 
base truncate; height to width at upper I/Br, about 1 to 1.1; spread of calyx 
from RR to same level, about 1 to 2.4. Side outline of calyx slightly convex; 
cross-section at-IIBr subpentangular. Plates but little imbricated; surface 
smooth. Lower calyx plates very thin. Maximum crown, 70 mm. high to [VBr 
by 43 mm. wide at about III Bri, the arms not being complete; base of average 
specimen, 7 mm.; complete crown of smaller size, 31 by 18 mm.; width of 
base, 5 mm. 

IBB small, covered by the column. BB larger than in any other species, 
well exposed in pentagonal outline, but lower angles concealed by the column; 
salient angles rather long. Brachials with obtusely angular longitudinal median 
ridge, prominent in the first and second series, diminishing upward. IIBr 
usually 4. Average height to width of IBr, about 1 to 1.8; of IIBr, 1 to 2.4. 
TIIBr 6 to 10, with another bifurcation visible. Column unknown. 


The history of this species and its relations to J. corbis are more particularly set forth 
under that species. It is a rare fossil at its typical locality, Waldron, Indiana, where it occurs 
in the Waldron shales of the Niagaran group. I have referred to it specimens from the 
Racine dolomite beds at Chicago, and from the Rochester shales at Lockport, New York. 
It is possible that some of these belong to distinct species, but upon any diagnostic characters 
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visible in the fossils as preserved I am unable to separate them. The largest specimens are 
from Waldron, but none have been found there with the arms preserved beyond the IVBr. 

The calyx wall is very thin in its lowest part, being in the largest specimen less than one 
millimeter in thickness from the first primibrach to the tertibrachs, but increasing somewhat 
above that; and there is to be observed a slight tendency to the lateral distortion near the 
base so frequent in J. corbis. 

The species was originally described from the specimen which was afterward figured 
in the 20th Report of the New York State Cabinet of Natural History, plate 11, figure 16, 
again in the 28th Report, plate 16, figure 13, and which I have refigured (Pl. XXXIV, fig. 1). 
It is not exactly characteristic of-the form of the crown as now known from other specimens, 
being more convex and less elongate and angular—probably due to vertical compression. 
Hall afterward in the 11th Report of the Indiana Geological Survey, plate 15, figure 13, 
figured a large specimen with the ray divisions preserved to a greater length than in any 
other Waldron specimen known; this I have also refigured (Pl. XXXIV, fig. 6). These, 
together with my own specimens which show the base and undistorted form of the calyx 
somewhat better (figs. 2, 3, 4, 5), give the best obtainable representation of the species. 

I have also refigured on the same plate (fig. .7) the specimen from Bridgeport, Illinois, 
figured by Hall in the 20th Report, plate 11, figure 15, which is discussed under J. corbis. 
This specimen with the external surface preserved is strikingly similar to the present species 
except in its imperfect base, and it is difficult to conceive how the internal cast of its calyx 
could in any way have resembled the singularly distorted figure of J. corbis, so common in 
the same formation. The improbability of such a resemblance is emphasized by the fact 
that other Bridgeport specimens in my collection consisting of casts like those of J. corbis 
are in proportions, size of plates, contour at the base and angular ridges, excellent examples 
of I. subangularis as found at Waldron (Pl. XXXIV, fig. 8). 

Types. There is some conflict in the claims to possession of the type specimens in the 
Lists of Types issued respectively by the American Museum of Natural History at New York, 
and the New York State Museum at Albany. Having through the courtesy of the authori- 
ties of those Museums had the opportunity to carefully examine all the actual and supposed 
types, I am able to state the facts with certainty: The type specimen, on which the species 
was originally described in the Transactions of the Albany Institute, volume 4, p. 201, is 
the one figured in the 2oth Regent’s Report, plate 11, figure 16, and refigured in the 28th 
Report, plate 16, figure 13. This specimen, and the originals of Hall’s figures in the 2oth 
Report, plate 11, figure 15 (the Bridgeport specimen), and in the 28th Report, plate 16, 
figures 11 and 12, are in the American Museum. The originals of the 11th Indiana Report, 
plate 15, figures 12 and 13, are in the New York State Museum. The figures on plate 16 of 
the 28th Report were republished under the same numbers in the 11th Indiana Report, being 
printed from the same stone. 

Horizon and locality. Silurian, Waldron shales at Waldron, Indiana; Racine dolomite 
at Chicago (Bridgeport), Illinois; Rochester shales, Lockport, New York. 


Ichthyocrinus intermedius Angelin 
Plate XXXIV, figs. T1-14 


Ichthyocrinus intermedius Angelin, Icon. Crin. Sueciae, 1878, p. 13, pl. 17, fig. 7—-Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 34.—Springer, Jour. Geology, XIV, 1906, pl. 6, 

fig. 5. 

Angelin described under this name a complete crown from Faro, in Gotland, which has 
the chief essential characters of the American species, swbangularis, differing however in 
having the base rounded or curving evenly with the calyx wall, instead of being contracted 
into a distinct neck sharply truncate below. His figure was poor, and I have therefore given 
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new and accurate drawings of the original specimen in several views (Pl. XXXIV, figs. 
Ita-f). This specimen is peculiar in having an extra primibrach in the left anterior as well 
as the right posterior ray—the only case of the kind I have seen in Ichthyocrinus. There are 
also figured two other fragments showing the base (figs. 12, 13), both in the Riks Museum at 
Stockholm. In general proportions these specimens closely agree with those from America, 
and the radial ridges are similarly conspicuous. I have a single specimen from the approxi- 
mately equivalent Wenlock formation at Dudley, England (fig. 14), which I have referred to 
the same species, though it is perhaps not a very characteristic form; it has about the same 
proportions, rather obscure radial ridges, and a perfectly smooth surface; but the basals are 
not quite so well developed as in the Swedish specimens; and it does not agree with any 
other species, differing wholly in the surface from J. pyriformis under which name it was 
labeled. 5 

Types. The Swedish specimens are in the Riks Museum, Stockholm; that of figure 14 
is in the author’s collection. 

Horizon and locality. Silurian, Wenlock Group; Gotland, and England. 


Ichthyocrinus conoideus Ringueberg 
Plate XXXVI, figs. 8-12 
Ichthyocrinus conoideus Ringueberg, Annals New York Acad. Sci., V, 1800, p. 305, pl. 3, fig. 5. 

A rather small species. Crown narrow, elongate conical, with straight 
sides to level of 11 Br: where height to width is 1.1 to 1, expanding very greatly 
above that; spread of calyx from RR to IAx, about 1 to 1.2; to I[Brs, about 1 
to 3; base truncate; cross-section circular. Surface smooth, without radial 
angularity, and plates not imbricated in lower part. Largest specimen, 22 mm. 
high by 20 mm. wide at top of II Brs. 

IBB small. Basals small, exposed only as triangles in side view. Brachials 
without longitudinal elevation. I1Br 4. Superior parts and column unknown. 


This species occurs at Lockport, New York, in the Gasport limestone, a horizon above 
that of J. laevis. Ringueberg’s original material was imperfect, he having but three frag- 
mentary specimens in all, and only one of these has the plates preserved as high as IIBr,. 
I have recently obtained about a dozen additional specimens from the same beds, none of 
them perfect, but some preserving the plates to the fourth I1IBr; they show the extreme 
narrowness of the lower calyx as seen in Plate XXXVI, figures 9 and 12a, a character 
not so evident in Ringueberg’s figured type (fig. 8a) as in the other specimens used by him; 
figure 11 shows the contour of the crown to what is probably the widest zone. Most of the 
specimens have the base very well preserved, and they agree perfectly in the small size of 
the basals, thus. distinguishing the species at once from J. subangularis which it nearest 
resembles in figure. The brachials throughout are relatively very high, indicating an 
extremely elongate crown; yet specimens with the highest brachials (e. g., figs. 12a, b) have 
the small basals almost covered by the column, and visible only as small triangles in a side 
view. They all lack the strong radial ridges and general angularity of J. subangularis, the 
strongly curving side outline of J. Jaevis, and the well-developed basals of both these species. 

Type. This and the other specimens figured are in the author’s collection. 

Horizon and locality. Silurian, Gasport limestone of the Niagaran; Lockport, New 
York. 


Ig 
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Ichthyocrinus phillipsianus n. sp. 
Plate XXXVI, figs. 13-14 

A large species. Crown ovoid, with rounded base curving from the column, 
expanding rapidly; spread of calyx from RR to I1Brs, 1 to 3.2; height to width 
at that level, about I to 1.6; widest at the lower IVBr. Side outline convex, 
cross-section at I] Br decagonal; radial ridges prominent from RR up, rounded 
below and becoming angular upward, extending the full length of the crown. 
Surface smooth; plates strongly imbricated. Maximum crown, 41 mm. high by 
33 mm. wide at 1VBr; width of column facet, 5 mm. 

IBB very small. BB small, covered by the column, and only visible in side 
view, if at all, as small points. Brachials longitudinally elevated into median 
ridges. IIBr 4; I] Br 5 to 7 or 8, with two more bifurcations visible before 
infolding ; height to width of brachials above IBr, about I to 3. Arms diminish- 
ing rapidly after third bifurcation and becoming very slender. Column un- 
known beyond -the proximal columnals, which are as wide as the base of the 
calyx. 


Among some specimens obtained from Dudley, England, some years ago, labeled 
Ichthyocrinus pyriformis, was one which always seemed to be out of place among the others ; 
and upon the final close definition of the several species it appears that this specimen does 
not agree with any hitherto described. I have since obtained three fragments of the same 
form, and have seen in an English collection another specimen somewhat larger than mine. 
With this confirmatory evidence I propose a new species, dedicated to the memory of John 
Phillips, the author of the earliest species of the genus. 

This species is of the general type of I. corbis in its ovoid figure, smooth surface and 
small basals, with the surface angularity of J. subangularis produced by the prominent radial 
ridges extending from the radials to the end of the visible rays. The infrabasals are not 
wholly resorbed as in I. gotlandicus, but they are very small. Part of the radials rest upon 
the stem, and the whole of the radianal is concealed by it; only the merest points of the 
basals, if any, appear at the exterior. On the principal specimen the short fragment of the 
stem was broken across very close to the calyx, and I ground off the thin adhering part of 
the upper ossicle so as to clearly show the plates of the base. Thus views are obtained with 
and without the stem attached (Pl. XXXVI, figs. 13a, b). 

From another specimen preserving the upper part of the rays we obtain interesting 
details of the so-called imbricated structure of the plates, and of the extreme proportionate 
depth of the higher brachials (figs. 14a-e). The imbrication of the plates is very pronounced, 
and the transverse elevations show distinctly in a dorsal view ; they are higher, broader, and 
in every way more conspicuous than in any other species. 

This species wholly lacks the characteristic pear-shaped figure of J. pyriformus, and its 
ovoid contour, smooth surface, and small basals further essentially distinguish it from that 
species. 

Types. In the author’s collection. 

Horizon and locality. Silurian, Wenlock Group; Dudley, England. The species has not 
been recognized in Gotland or America. 
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Ichthyocrinus corbis Winchell and Marcy 
Plate XXXVI, figs. 1-7 


Ichthyocrinus corbis Winchell and Marcy, Mem. Boston Soc. Nat. Hist., I, 1865, pp. 80, 108—Hall, 2oth 
Rep. New York St. Cab. Nat. Hist., 1867, pp. 384, 391Wachsmuth and Springer, Revision Palaeoc- 
rinoidea, pt. 1, 1879, p. 34—Miller, Jour. Cincinnati Soc. Nat. Hist., IV, 1881, p. 175, pl. 4, fig. 53 
N. A. Geol. and Palaeontology, 1880, p. 256, fig. 343—Weller, Bull. 4, Chicago Acad. Sci., I, 1900, 
p. 146.—Springer, Jour. Geology, XIV, 1906, p. 477. 


A large species. Crown ovoid, without prominent surface angularity; ex- 
panding rapidly from base, with spread of calyx from RR to upper IIBr of 
about I to 2.4; average height to width at this zone, about 1 to 1.6. Side outline 
convex; cross-section circular. Surface smooth; plates of higher brachials 
somewhat imbricated. Maximum incomplete crown to about fourth bifurca- 
tion, 60 mm. high by 50 mm. wide; large specimen, 54 mm. high by 43 mm. wide 
at upper IIBr; small specimen, 13 by 18 mm. 

IBB small, perhaps obsolete. BB small, probably not visible beyond the 
column. Lower brachials evenly curved, rarely with obscure median ridge, or 
becoming somewhat angular above. I1Br 4, IIJBr 6 to 8. Average height to 
width of brachials above IBr, about 1 to 3. Complete crown unknown, but in 
large specimens not infolding at the fourth bifurcation. Column unknown. 


This species is chiefly known from internal natural casts which have been collected some- 
what abundantly in the magnesian limestone of Niagaran age at Chicago. As usually found 
the plates have been destroyed by chemical action, leaving a limestone cast of the interior 
formed by the filling of the visceral cavity and replacement of the soft parts by the infil- 
trating matrix. On these casts the suture lines at the junction of the plates in specimens 
otherwise well preserved are sharply marked by thin, knife-like ridges. Even when not 
destroyed the test is softer than the matrix and rapidly disintegrates, leaving the impression 
of the interior as before. But few specimens have ever been found with any portion of the 
test preserved, and none with the calyx complete. 

Jt is a remarkable fact that almost without exception these specimens are rotund, being 
but little flattened as is frequently the case with other species. This indicates that they were 
imbedded in a very soft, homogeneous and plastic matrix, which surrounded and supported 
them uniformly on all sides, replacing the soft parts before the pliant calyx became subjected 
to any pressure except from the gravity of its own viscera. We find, however, in by far the 
greater number of the specimens a peculiar distortion at the lower part of the calyx, where 
to the height of about the first IIBr it appears as if bent in on one side while the opposite is 
more than corgespondingly ventricose, and the apex of the base points away from the vertical 
axis of the crown (Pl. XXXVI, fig. 3a). Among the few specimens found with any part of 
the plates im sit none have the base intact, so that we cannot be certain of the exterior form, 
although I have no doubt that it partook of the same distortion. The best one of these 
(figs. 6a, b) shows that while the calyx wall is quite thick and strongly arched toward the 
higher brachials, it becomes very thin in the lower part where the unsymmetric bending of 
the wall occurs. q 

When I first discovered the existence of the radianal on the convex side of a number of 
specimens like figures 2, 3, I thought the asymmetry might be due to the anal structures ; but 
other specimens like 4, 5, with the radianal on the concave side, disposed of this theory, 
and I found that the distortion bore no fixed relation to the posterior side. It is not due to 
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growth in that position, for that would require the crown to stand at an angle from the axis 
of the stem, which would not only be highly improbable with a large calyx supported uni- 
formly at all sides by the surrounding water, but is negatived by the fact that careful measure- 
ment fatls to show any modification such as this would produce in the shape and size of the 
plates, or differences in dimension between the concave and convex sides. 

I am disposed to think the phenomenon is best explained by the conditions of fossiliza- 
tion, taken in connection with the peculiar construction of the test in this and similar species. 
In the upper part the walls are strong, built up of a great number of small but thick plates 
perfectly fitted together like the stones of an arch; this afforded considerable resistance to 
outside pressure in that part. Furthermore, it is characteristic of this genus and most others 
of the family to have the arms tightly infolded over the tegmen, which would still further 
strengthen the calyx there. In the lower part, as already stated, the calyx wall becomes 
extremely thin (not over one millimeter), and this along with the loose articulation of the 
plates among themselves rendered that part very pliant, yielding readily to pressure in any 
direction ; just at the base the plates were necessarily thicker by reason of connection with 
the stem. Thus there were two zones of strong construction with a weaker one interposed. 

The crown with its closely infolded arms being elongate and ovoid, on becoming 
detached from the stem tended to lie on its side in the soft ooze of the sea bottom into which 
it slowly sank and became imbedded. The weight of the visceral mass caused the lower side 
to settle at the zone of least resistance and the upper side to follow it, while the upper part of 
the crown, being of stronger construction, retained its shape. This would make the lower 
part of the calyx wall ventricose at the under side and concave at the upper, with the apex 
of the base pointing upward out of the line of the axis. There is a slight tendency to the same 
condition in J. subangularis, where in some specimens one ray is more protuberant near the 
base than the others. The calyx in that species, being much narrower, more elongate, and not 
having the ovoid shape that this has, yields but little and the distortion is not very marked. 

While I have not given it as a character in the diagnosis, nevertheless this distortion is 
one of the most conspicuous features of the species as it has been usually found, which has 
been remarked by all observers, and by which it can be instantly recognized. Ina lot of over 
one hundred and fifty specimens collected in early days by Sir William van Horne, and now 
in the University of Chicago, every one shows it in a greater or less degree. Some speci- 
mens, otherwise similar, have less distortion than the types illustrated, perhaps owing to their 
having exceptionally thicker walls, or more probably to their being imbedded nearly in a 
vertical position with the base up. In two such cases among my specimens the calyx is fore- 
shortened so that the ratio of height to width is about I to 2. In other cases there is good 
reason for thinking they belong to different species. 

This species has been the subject of considerable controversy. It was described with a 
diagram but without other illustration by Winchell and Marcy in 1865 in an extensive memoir 
upon the Fossils of the Niagaran limestone of Chicago,’ with a very incorrect conception of 
the facts, due partly to the imperfection of their specimens, and partly to their lack of familiar- 
ity with the crinoids. They made the distinctive characters the ‘‘ small size of the stem, large 
size of the basal plates . . . . the presence of two instead of three radials, and the perfectly 
straight transverse sutures,’—every one of which is wrong. 

As to the number of radials, the authors said that the characters about the base are some- 
what obscure, and they may have overlooked the real first radial ; but this fact led them into 
an equally great error as to the basals, to which they assigned a form that is wholly imaginary 
and impossible. That which they called the very slender stem is the cast of the axial canal, 
probably enlarged by the resorption of the infrabasals ; but their remark that it is “turned 
to one side in all our specimens ” shows conclusively that they had before them the form so 


1Mem. Boston Soc. Nat. Hist., Dec. 1865, p. 89. 
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well known from those rocks with the peculiar distorted base, and leaves no doubt of the 
identity of the species which they were attempting to describe. 

Winchell and Marcy’s paper was dated December 22, 1864, and was read before the 
Boston Society, January 15, 1865, and published under date December, 1865; but before it 
reached the press Hall published, as advance sheets of the 18th Report on the New York 
State Cabinet of Natural History, dated December 26, 1864, printed in January, 1865, a 
pamphlet entitled “ Account of some new or little known species of Fossils from the Niagara 
Group,’”.* mainly devoted to fossils from the same rocks in Illinois and Wisconsin which 
had produced the species described by Winchell and Marcy. Many of these Hall pronounced 
identical with species described by him in 1863, and among them was an Ichthyocrinus which 
he referred to his 7. subangularis. This provoked immediate hostilities, and a lively skirmish 
ensued characteristic of the wordy wars that raged at times among the American paleon- 
tologists of the last generation, growing out of the energy and enthusiasm with which they 
pursued their researches. 

Winchell and Marcy added a supplementary note to their main paper (p. 108) vigor- 
ously defending their species, and as to /. corbis insisting on the absence of angularity and 
the straight suture lines as characters plainly distinguishing it from Hall’s species, “ not to 
speak of the supposed difference of basal structure.” 

To this Hall replied in the 20th Report of the New York State Cabinet for 1867, 
pp. 382-394, repelling the intimation of unfair practices, and maintaining his identification 
of the Bridgeport specimens with J. suwbangularis. He disclaimed the ability to found a 
species upon “ supposed differences,’ and he properly stated that the straight suture lines are 
not a good character, because the double curvature seen on his species is an external feature, 
while the lines on the internal casts will necessarily be more direct. He gave a diagram from 
one of Professor Marcy’s specimens showing correctly the basals and the missing radial, and 
insisted that the internal casts are subpentagonal. Winchell and Marcy did not continue the 
debate, and Hall’s contention held the field until 1882, when S. A. Miller? espoused their 
cause, proposing to reinstate J. corbis on the strength of a specimen from Bridgeport 
(Chicago) preserving part of the plates. He found the main character for distinguishing 
the species to be in the “ subradials ”’ (basals), whose surface he declared to be elevated into 
a triangular pyramid. This peculiar specimen, now in the collection of the Chicago Academy 
of Science, is very imperfect, only parts of two rays being preserved; the basals have the 
triangular elevation mentioned by Miller, which may be their original shape or may be the 
result of secondary deposit of the calcite composing them. In any event it is not I. corbis, 
being an elongate form with straight sides, and relative height to width of 1 to 1.1—rather 
the proportions of J. swbangularis. 

In 1900, however, Weller * redescribing the Chicago specimens under the name J. sub- 
angularis, reaffirmed the identity of the two species, basing his opinion largely upon the speci- 
men figured by Hall* from Bridgeport having the plates preserved. He rejected Miller’s 
attempt to revive J. corbis on his Bridgeport specimen, which he declared to be a very small 
one, and he thought the protuberance of the basal plates a juvenile character. 

Much of these differences of opinion might have been avoided by the consideration of 
one fact which has been overlooked in the various discussions, viz., that the specimens of 
Ichthyocrinus found in the Racine dolomite of the Illinois Niagaran are not necessarily all 
of the same species. No doubt there was here as elsewhere a modification of specific charac- 
ters during the deposition of the strata of that epoch, or different species may have coexisted 
in the same area. We do not know that the various specimens described are all from the 


* Republished in the 20th Rep. N. Y. St. Cab. 1867, pp. 305-381. 
* Jour. Cincinnati Soc. Nat. Hist., vol. 4, p. 175. 

* Chicago Acad. Sci., Bull. 4, p. 147. 

*20th Report New York St. Cab. Nat. Hist., pl. 11, fig. 15. 
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same bed, but there is good reason for believing that they all come from one limited locality. 
The original of Hall’s figure 15 (20th Report, pl. 11), is said in the description to be from 
Bridgeport, Illinois. I have carefully examined this specimen, which is refigured herein 
(Pl. XXXIV, fig. 7). It is of the same material and preservation as the other Bridgeport 
specimens, and there is no authentic record of any Ichthyocrinus having been found else- 
where in the Chicago-Wisconsin area; so that I have no doubt it came from there. The 
relative dimensions and prominence of the radial ridges of this specimen clearly indicate its 
identity or close relationship with those of J. swbangularis from the Niagaran shales at 
Waldron, Indiana; and the same characters show with equal force the distinctness of Hall’s 
Bridgeport specimen from the other form common in that region. 

In the way the collections have necessarily been made in the Chicago-Wisconsin region 
we have little knowledge of the exact beds from which the fossils have been derived. The 
dolomites of that area are held to be equivalent to the Lockport limestone, and to occupy a 
position intermediate between the Waldron and Rochester shales and the Brownsport lime- 
stone of the Tennessee area. We find from the Chicago region an assemblage of forms some 
of which are more or less restricted to particular horizons in the other regions, and also some 
not occurring elsewhere. Thus we have Ampheristocrinus, Lyriocrinus, Macrostylocrinus 
and Periechocrinus, which are mostly confined to the shales both at Waldron and Rochester ; 
Callicrinus, Lampterocrinus, Pycnosaccus, Zophocrinus, which are found in the limestones 
of the other regions, but not in the Waldron or Rochester shales. And we also have genera 
like Ichthyocrinus, Lecanocrinus, Eucalyptocrinus, and Myelodactylus, which occur in both 
shales and limestones of the other regions. Hence the stratigraphy does not make for or 
against the probable occurrence of the same species in the two regions. 

That the form of Ichthyocrinus occurring in the Niagaran of Northern Illinois repre- 
sented by the well-known internal casts with usually distorted base, and to which Winchell 
and Marcy with however incorrect a description gave the name J. corbis, is an absolutely 
distinct species from that occurring in the Niagaran shales at Waldron and described by 
Hall as J. subangularis, may be conclusively demonstrated. They are in fact far more readily 
distinguished than some others which are separated: by continental distances, for they fall 
under different divisions of the genus by some of its strongest characters. JI. corbis is a 
rounded ovoid, with convex sides and circular cross-section, small basals, low and wide 
brachials having a very rapid increase in width upward, and a consequent broad spreading 
of the calyx within the first few ranges of plates. J. subangularis is elongate, irregular, with 
strongly prominent radial lines, and subangular cross-section; has large basals, relatively 
longer brachials, and a much less rapid spread of the calyx from the base up. 

Actual measurement of a number of specimens is a more reliable guide in the matter of 
relative proportions than general impressions, and I have applied such a test in this case. The 
average of 15 representative specimens of J. corbis of all sizes, and 6 specimens of J. sub- 
angularis from Waldron, including Hall’s types, gives the following relative dimensions ; 
I have added those of Hall’s Bridgeport specimen of the latter species and of a cast in my 
own collection, also from Bridgeport, in the same condition in which J. corbis is found: 


‘ Height to width : 
: i Expansion of calyx 


cat Br | at Tax | of Br, | 7™ ee 


il, COROLES, US FOSCMNEGM. 6 coccsc00000 | 28 TK 18 el 1:4.4 1:2 

I. subangularis, 6 specimens........ Tis rsa 132, 2 17/ 
Hall’s Bridgeport spm. XXXIV, 7...) 1:1 meu | 232 1:15 
New Bridgeport spm. XXXIV,8...| 1:1 WOO |) W322 1:1.6 
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The differences of proportion in general contour would be emphasized if we had the 
external surface instead of merely the internal casts of J. corbis, because the calyx wall is 
thinnest below the secundibrachs ; but the dimensions above given are sufficient to prove that 
the two species are about as different in type as we can expect to find in a genus like [chthyo- 
crinus. Hall’s Bridgeport specimen, as the table shows, falls into line with the Waldron 
specimens, and not in any respect with those from Chicago. It also exhibits in a marked 
degree the angularity in the lower part caused by the prominence of the brachial series. This 
feature is usually absent in the Chicago casts, though some specimens of J. corbis show it 
to a slight extent. In my specimen (Pl. XXXVI, figs. 6a, b) which has the plates in the 
halves of two contiguous rays preserved from IIBr, up, and which is of maximum size, there 
is only the faintest trace of a median ridge, although the higher ray divisions preserved in 
other rays are more or less angular on the dorsal side. But in the internal cast of J. sub- 
angularis from Bridgeport, in addition to the characteristic dimensions given in the fore- 
going table, the figure (Pl. XXXIV, fig. 8) shows the radial angularity and peculiar contour 
of the base, precisely as in the Waldron specimens. This specimen is better than Hall’s in 
that it has the outline of the base perfectly preserved, even to the cast of the axial canal. 

Hall in the discussion with Winchell and Marcy (2oth Report, p. 385) mentions one of 
the casts showing “the obscurely angular form of the lower part of the body.” This speci- 
men, which lies in the same tray with his type from Bridgeport in the Hall collection at the 
American Museum, undoubtedly shows the angularity mentioned with considerable dis- 
tinctness. It has but little of the usual distortion of J. corbis, and it is interesting to find that 
its proportions are intermediate between those of the two species. It is rather singular that 
of the only two specimens from the Chicago beds obtained by Hall, one should be a good 
example of J. swhangularis and the second a very evident intermediate type; neither of them 
represents the prevalent form, and after seeing them we can readily understand why Hall 
insisted on the specific identity of the species from the two areas. 

In the List of Types published by the American Museum the locality of Hall’s figure 15, 
plate 11 of the 20th Report is given as Racine, Wisconsin, although Hall himself stated it as 
Bridgeport. This locality is within the present limits of the city of Chicago, at about the 
intersection of Thirty-fifth street and Archer avenue. I am informed by Mr. E. E. Teller 
of Milwaukee, President of the Wisconsin Natural History Society, who knows the history 
of all the collections ever made in the Illinois-Wisconsin Niagaran area, and has himself 
made extensive collections there, that [chthyocrinus has never been found at any other local- 
ity than Bridgeport, where it occurred in the uppermost layers of the quarry. It does not 
occur at Racine, or other well-known Wisconsin localities, and the enormous excavations 
made during the construction of the Chicago drainage canal have not to my knowledge pro- 
duced a single specimen. 

The imbrication of the plates produced by the raised transverse margins of the brachials 
is present in two of my specimens of /. corbis having part of the plates intact; it is less evi- 
dent on Hall’s Bridgeport specimen, and not at all on those from Waldron. 

I have not been able to find in any specimen of J. corbis the least trace of the infrabasals, 
though in several the bounding sutures of the basals are beautifully distinct, and there is seen 
projecting from them the obtusely angular object which Winchell and Marcy took for the 
stem (Pl. XXXVI, figs. 3a, b). There is little doubt that the infrabasals in this species were 
in the same condition as those of J. gotlandicus, very small and largely atrophied, and that 
this projection is the cast of the enlarged axial opening left after their resorption (compare 
Pls. XXXV, figs. 4b, 5, and XL, 9b). It is perfectly preserved in the specimens above men- 
tioned, distinctly showing the pentapetalous outline at the lower end; and it is further inter- 
esting because the length to which it projects, which is not over a millimeter, no doubt 
represents the full thickness of the calyx wall at the base. This is but little greater than is 
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found higher up, and it shows that there was no extraordinary growth of calcareous matter 
at this point to render the external contour specially différent from the internal. The basals 
themselves are very small, though they would be somewhat larger at the exterior ; and in view 
of the apparent condition of the infrabasals, and what we know of their relative proportions 
in other species, it is clear that the basals were nearly, if not quite, covered by the column, and 
not visible externally in a side view. 

The straight sutures on which Winchell and Marcy laid so great stress are not a valid 
specific character. As before explained in the chapter on Morphology, the sinuous suture 
lines and so-called “ patelloid plates ” throughout this entire group are only external surface 
characters which disappear by wear, all sutures becoming straight a short distance inward. 
The fact as to this particular species is beautifully shown by the specimens preserving part 
of the test figured on Plate XXXVI, figures 6a, b, where both kinds of sutures are shown in 
the same parts of the same specimen. 

This species 1s distinguished from J/. laevis, which is nearest like it in the size and imbri- 
cation of the plates, by the pyriform crown and larger basals of that species. It is nearest 
in general form and probably in details of the base to J. gotlandicus, the type specimen of 
which was originally identified by Angelin as J. Jaevis, but it differs in the absence of 
ornamentation. 

Types. The original specimens used by Winchell and Marcy are understood to be in the 
Northwestern University at Chicago, but as none were figured they cannot be identified. 
Those figured herein are in the author’s collection. 

Horizon and locality. Silurian, Racine dolomite beds of the Niagaran Group; Chicago, 
Illinois, at quarries about the junction of Thirty-fifth street and Archer avenue, formerly 
known as Bridgeport. 


Ichthyocrinus devonicus n. sp. 
Plate XX XV, figs. T7a-c 


A small species of the type of /chthyocrinus gotlandicus, but with calyx 
more broadly spreading and somewhat pyriform in lower part. Height to width 
at upper I1Br, 1 to 2; spread of calyx to that level, 1 to 5. Crown ovoid to low 
pyriform; no radial ridges. Surface smooth; plates not imbricated. Crown, 
about 30 mm. high by 25 mm. wide; base, 5 mm. 

IBB, BB, and RA covered by the column. IIBr 3; I11Br 3 to 7; height to 
width of Br above [Br, about 1 to 3.5. Column large at base, unknown below 
proximal columnal. 


This species is founded upon a single specimen from the Helderbergian of Tennessee— 
the only Devonian representative of the genus from American rocks. It is of the type of 
I. corbis and I. gotlandicus in the extreme reduction of the basal elements, and it agrees with 
the latter and differs from all other American species of this genus in having but three I1Br; 
these characters produce a short and broadly spreading calyx. 

Type. Author’s collection. 

Horizon and locality. Devonian, Linden formation of the Helderbergian; Benton 
County, Tennessee. 
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Ichthyocrinus bohemicus (Barrande MS.) 
Plate XXXVI, fig. 15 
Lecanocrinus bohemicus Barrande MS., Waagen and Jahn in Barrande, Syst. Silur. centre. Bohéme, VII 
1899, p. 20, pl. 60, figs. 11, 12, 13, pl. 61, figs. 6, 7, 8, 9. 
Ichthyocrinus ? sp. indet., Waagen and Jahn in Barrande, Syst. Silur. centre Bohéme, VII, 1809, p. 20, 
text-fig. 8. 
Ichthyocrinus bohemicus, Bather, Ann. and Mag. Nat. Hist., (7) VI, 1900, p. 114. 


? 


Messrs. Waagen and Jahn devote two pages and seven figures of the ponderous tome 
above cited to a fragment from the White limestone, stage F*, of Koneprus, Bohemia. It 
was originally labeled by Barrande Lecanocrinus bohemucus, but Waagen and Jahn incline to 
refer it with doubt to /chthyocrinus, in which they are clearly justified. Enough remains of 
the specimen to indicate its generic affinities, and that it belongs to a species with a low ovoid 
crown, probably small basals, and perhaps ornamented surface; it belongs to the type of 
species like J. gotlandicus or I. corbis, and is of interest chiefly to show the occurrence of the 
genus in Bohemia. 

Type. Inthe Collection Barrande, Prague, Bohemia. 

Horizon and locality. Lower Devonian, stage F? (perhaps=Helderbergian) Koneprus, 
Bohemia. 
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CLEISTOCRINUS nov. gen. 
(xAgictos, closed; xpivor, lily ) 
Plate XXXVIIL, figs. 1-2 


WS 
Ne 


Fic. 37. Cleistocrinus 


Ichthyocrinidae with rays in contact except at anal side. Crown expanding 
distally. Infrabasals entirely within the ring of basals, or wanting. Posterior 
basal not differentiated. Radianal in form of radial under right posterior radial. 
Anal « followed by others in series, usually not connecting with basal. Inter- 
brachials wanting. Primibrachs two. Arms unknown. Column large, cover- 
ing basals. 

Genotype. Calpiocrinus hunulis Angelin. 

Distribution. Silurian, Wenlock Group; only known from Gotland. 


I have proposed this genus to receive a form which, although represented by rather 
imperfect material, is nevertheless of a very definite type, and occupies a place in the present 
family which cannot be confounded with any other. It is founded upon the Silurian species 
described by Angelin as Calpiocrinus humilis. His figures show very little of the essential 
structures which make the form important, and which are now clearly brought out by new 
figures made after further preparation of the specimens, especially by removal of the stem 
ossicles filling the basal cavity in one of them, thus enabling us to see the true arrangement 
of plates which was before obscured. 

This form stands close to [chthyocrinus, but with the posterior rays partly separated by 
anal plates; as in that genus the posterior basal is not differentiated, but a strong series of 
anal plates is interposed above the level of the radials, one of which and the radianal meet 
below, entirely separating the anal series from the basal circlet. This is a very unusual 
structure in crinoids, but is found also in one species of Calpiocrinus; therefore I have not 
made it an absolute generic character, and a species with anal plate coming down to the basal 
would be admitted. The extreme diminution of the base, however, leads me to think that 
the non-differentiation of the posterior basal is probably a well correlated character. There 
is in one specimen a slight tendency to development of interbrachials, but it is evidently only 
- sporadic, as is seen occasionally in Metichthyocrinus. A rather clear line of succession leads 
from this Silurian type through .Synaptocrinus in the Devonian with no radianal, greatly 
elongated posterior basal and no connecting anal structures, to Ewryocrinus in the Car- 
boniferous, which adds the anal series and interbrachials together with another primibrach. 

The atrophy of infrabasals so frequent in this family has proceeded to the extreme of 
resorption in this genus. In the two specimens known not the slightest trace of these plates 
remains within the ring of basals; not only so, but the basals themselves seem to be on the 
verge of suppression. In one specimen they are much encroached upon by the axial canal, 
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and in the other nearly half of them have disappeared (Pl. XX XVIII, figs. 1d, 2b). The 
basal structures are deeply buried under the large proximal columnal to an extent only 
paralleled in some species of Dactylocrinus; here the basals, radials, and a part of the first 
primibrachs are involved in the column facet. None of the specimens are sufficiently pre- 
served to show the arm structure, but-it was probably not much different from that of 
Ichthyocrinus. Only the one species is known. 


Cleistocrinus humilis (Angelin) 
Plate XX XVIII, figs. 1-2 


Calpiocrinus humilis Angelin, Icon. Crin. ‘Sueciae, 1878, p. 12, pl. 23, figs. 28, 28a, b, c, pl. 26, fig. 17— 
Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 30. 


Type of the genus. 

A small species. Calyx rapidly spreading; height to width at top of IAx, 
I to 3.6; spread from base, I to 2.2. Side outline a low curve; cross-section cir- 
cular; base very large, deeply concave, involving all plates below IBr. Surface 
smooth. Full dimensions of crown unknown; the principal specimen is 18 mm. 
wide at top of IBr; basal concavity 8 mm. measured from perimeter of column; 
actual diameter of basal ring, 2.5 mm. IBB resorbed, and sometimes in part 
also the basals which are very small. RA as large as some of the radials, which 
are somewhat irregular in size. Anal x a long plate, sometimes rising as high 
as the axillary I[Br, and followed by one or more others in series; it is angular 
or truncate below, supported by |. post. Rand RA. RR small, much wider above 
than below; [Br continue to increase in width in about same degree. Superior 
parts unknown. Column very large, composed next to the calyx of thin ossicles. 


The species is only known from two specimens, neither of which has the rays preserved 
above the primibrachs, and of these the right posterior axillary is wanting in both. Figures 
2a, b show that the second primibrach in that ray alone is not axillary; so there must be a 
third above it, and the small unsymmetric plate at the base of the ray in both specimens must 
be a radianal. 

Types. Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock Group, horizon f; Gotland, Sweden. 


. 
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CLIDOCHIRUS Angelin 
Plate XXXVII 


Clidechirus Angelin, Icon. Crin. Sueciae, 1878, p. 12—Wachsmuth and Springer, Revision Palaeocri- 
noidea, I, 1879, p. 39.—Von Zittel, Handbuch Palaeontologie, I, 1870, p. 355.—Bather, Rep. British 
Assoc. for 1808 [1809], p. 923; Treatise on Zoology (Lankester), pt. 3, 1900, p. 188.—Springer, 
Amer. Geologist, XXX, 1902, p. 94; Jour. Geology, XIV, 1906, pp. 479, 516.—Zittel-Eastman, Text- 
book Paleontology, 1913, p. 204. 


Fic. 38. Clidochirus 


Ichthyocrinidae with rays in contact except in lower part at the posterior 
side. Crown elongate, expanding above radials. Radianal in primitive position 
under right posterior radial, resting on basals and touching right anterior 
radial. Infrabasals variable; either large, exposed above the column, or small, 
entirely concealed. Basals large, exposed above the column. Anal + alone, or 
followed by others in single vertical series, arched over by brachials. Primi- 
brachs two. Arms dichotomous, interlocking. Column large, with or without 
proximal enlargement. Otherwise similar to /chthyocrinus. 

Genotype. Clidochirus pyrum Angelin. 

Distribution. Silurian to Devonian (Lower Carboniferous?) ; Sweden and 
the United States. 

This genus was founded by Angelin* upon a single species and specimen from bed c 
at Wisby, Gotland. His generic diagnosis, translated, is as follows: 


Body short, pyriform. Calyx cyathoid, inequilateral. Radials variable, three or four. Anals dis- 
tinct, four, in a longitudinal series. 

This would have been well enough as far as it goes if given in connection with a correct 
definition of [chthyocrinus, although it does not agree with his specific description, nor with 
the facts in regard to the number of anal plates in the series. But Angelin! placed it under a 
new family, Homalocrinidae, along with Lecanocrinus and Calpiocrinus, without recogniz- 
ing its close relation to Ichthyocrinus, although he figured under J. pyriformis (op. cit., 
pl. 22, fig. 6) an excellent specimen of his type species Clidochirus pyrum (see my Pl. XXXVI, 
figs. 3a, b). His account of the genus contained nothing as to the composition of the base, 


*Tconocraphica Crinoideorum Sueciae, 1878, p. 12. 
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for the very good reason that it was broken off in his specimen—a fact which does not appear 
in his restored figure (op. cit., pl. 22, fig. 23), but which is clearly shown by Mr. Liljevall’s 
accurate drawing of the same specimen (Pl. XX XVII, fig. 1). 

Wachsmuth and Springer * did not recognize Clidochirus, but considered it a synonym 
of Calpiocrinus, a genus of which no one at that time had a very clear idea. In making this 
disposition we noted that Clidochirus differed in having “four instead of three primary 
radials—variations which may be expected even in the same species ”—illustrating again 
the notion which prevailed as to the total depravity of the brachial system in this group, due 
to a then unrecognized element, the radianal. The genus was also ignored by Von Zittel, 
both in the Grundztige and in the Text-Book of Paleontology by Zittel and Eastman. 

Bather ? reinstated the genus, placing it in his family Ichthyocrinidae along with 
Pycnosaccus, Lecanocrinus, Mespilocrinus, Nipterocrinus and [chthyocrinus; but he did not 
understand its real structure, and diagnosed it as without a radianal—his main distinction 
for it being the presence of three anals in a vertical series. 

Angelin’s specimen, although imperfect, preserved part of the posterior basal, the anal 
plates, and the extra plate in the right posterior ray, all of which were correctly brought out 
in his figure; but at the time of the foregoing opinions the significance of that extra plate 
was not understood, it being supposed to be a mere irregularity characteristic of the group. 
The discovery of the fact that the plate is a radianal in its primitive position like that of 
Ichthyocrinus* established for Clidochirus a distinct position among the genera of this 
group which is easily expressed ; but its family relations are perplexing. It is an intermediate 
form between the Lecanocrinidae and Ichthyocrinidae. Upon the preponderance of the base 
and stem characters it agrees better with the former, but as to both of these there is consid- 
erable variability. 

In most of the Gotland specimens, but not all, the infrabasals are prominent on the out- 
side ; in some they are concealed by the column (Pl. XX XVII, fig. 6). Both types of base are 
found among the American species, and in the two Helderbergian forms the infrabasals are 
thoroughly withdrawn from the exterior. So also some specimens have a tapering column, 
while in others it is straight from the calyx down. In view of the instability of these charac- 
ters we may attach greater weight to the general facies, which is decidedly that of the 
Ichthyocrinidae, among which I have placed it as a variant or transition form. 

In habitus the genus is strongly similar to [chthyocrinus, having the same conical expan- 
sion of the calyx by increase in width of the brachials following small radials; the radianal 
is of similar form and like position. But in addition to the large anal plate interposed between 
the posterior rays, it differs in the usually large basals. 

The construction of the anal area is an extension of the plan of Lecanocrinus; instead 
of one large plate there may be several, but in each case the distal end is sharply angular, 
fitting closely by sutural connection to the adjacent rays, which come together above it like 
an arch. 

The structure of the stem is a further indication of an intermediate position. The 
proximal columnals are usually not so wide as in Ichthyocrinus; they are short, but with 
more tendency toward the development of still thinner internodals, and they change into more 
uniformly long columnals further down,—both of which characters are found in the column 
of Lecanocrinus. The arrangement of the proximal columnals appears very distinctly in the 
young specimen of C. pyrum (Pl. XXXVII, fig. 2), where the intercalation of very thin 
ossicles between thicker and wider ones is well shown. 

Clidochirus has hitherto been an exceedingly rare and little known genus, but thanks to 
the activity of Mr. Liljevall the material for its elucidation has been greatly augmented since 


* Revision Palaeocrinoidea, pt. 1, 1879, p. 30. 
*In Lankester, Treatise on Zoology, pt. 3, 1900, p. 188. 
* Springer, Journal of Geology, vol. 14, 1906, p. 479. 
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Angelin’s time; and the geographical distribution of the genus has been further extended 
by the discovery of three well-marked species in America, extending its stratigraphic range 
into the Lower Devonian. The four certain species may be arranged as follows: 


Tue SPECIES OF CLIDOCHIRUS 


I. Surface ornamented with pustules and wrinkles. 
Crown pyriform. 
BB and IBB large. 


RA about as large as RR. 
Breabout 3s stimes) widersthanwhishtermee errr tr Ses Haas C. pyrum. 


II. Surface smooth. 
Crown elongate, evenly curved. 
Base narrow, BB and IBB large. 


RA smaller than RR. 
Brlessithanes) timesswidersthanwln sheer errr C. americanus. 


Crown low, angular. 
Base broad; BB and IBB small. 


RA about equal to RR. 
Bistronclysconvexsssutlinesmn dente diem emir rie ier aie C. keyserensis. 


Crown conical, evenly curved. 
Base narrow. BB and IBB large. 
RA smaller than RR. 


Bip Al aanesy, mole Woein JNA, cooooboacoocaseoacboonoOMOeOSCOS C. schucherti. 
III. A variant with 3 IBr, perhaps of this genus, or a successor 
HO) mee ero WHO Ionic CavrloyormbiSnOS, oanconsocanodeaso0dse00 (?) C. greene. 


Clidochirus pyrum Angelin 
Plate XXXVII, figs. 1-6 


Clidochirus pyrum Angelin, Icon. Crin. Sueciae, 1878, p. 12, pl. 22, fig. 23——Springer, Jour. Geology, XIV, 
1906, p. 479, pl. 6, fig. 7. 

Calpiocrinus pyrum Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 30. 

Ichthyocrinus pyriformis Angelin (in part), Icon. Crin. Sueciae, 1878, pl. 17, fig. 6. 


Type of the genus. : 

Species attaining a large size. Crown pyriform, with truncate base; ex- 
panding gradually from base. Height to width at upper IIBr, 1 to 1; spread of 
calyx from base to same level, 1 to 4; cross-section circular ; side outline straight 
or slightly concave; no radial ridges; base relatively broad. Surface marked by 
small pits on the lower brachials, becoming confluent above and forming numer- 
ous parallel wrinkled grooves longitudinally disposed across the plates from 
margin to margin. Medium crown, 24 mm. high by 18 mm. wide at top of 
T1Br.; base, 5 mm. 

IBB large, visible in pentagonal outline above the column. BB large, not 
touching column; posterior B larger than the others, and supporting two large 
anal plates in vertical series, and sometimes a third smaller one; the upper one 
angular above. RA about the shape and size of RR in other rays. Brachials 
evenly curved; above [Br about three times wider than high, relatively narrower 
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in young specimens. I1Br 3 or 4; [11Br 5 to 7 or more; one more bifurcation 
visible before infolding; arms not tapering rapidly above ]11Br. Column large; 
proximal columnals as wide as the base, thin, diminishing somewhat in width 
downward and gradually changing to longer ossicles of about equal length. 


Angelin’s specific description is but little more definite than the generic diagnosis. The 
latter calls for four anal plates; the former, more correctly, for three. The surface ornament 
is the only other point mentioned, and this is important because somewhat different from that 
of Ichthyocrinus. There it is produced by means of small raised granules, or pustules, scat- 
tered over the surface, which by confluence become ridges in some places. Here the process 
is reversed, and we have depressions instead of elevations, producing pits and grooves. The 
description was based upon a single specimen from bed c at Wisby (op. cit., pl. 22, fig. 23), 
imperfect at the base, which Angelin restored in his figure without taking any account of 
infrabasals. At the same time he figured on plate 17, figure 6, a weathered specimen also from 
Wisby (bed d), with stem attached, which showed the prominent infrabasals and very large 
basals of the genus; but he did not recognize its relationship, and labeled it [chthyocrinus 
pyriformis. I have given a new figure of this specimen in the same view as Angelin’s, 
together with a view of the anal side, which Mr. Liljevall has since cleaned, showing the 
lower part of the calyx, and the base detached from the stem (Pl. XX XVII, figs. 3a, b). 

I also give an accurate drawing of the type specimen, showing just what is preserved at 
the base, with its relation to the missing parts indicated. Inspection of these figures leaves 
no doubt as to where Angelin’s plate 17, figure 6 belongs. It is as stated a weathered speci- 
men, and the surface markings are not preserved. These are well shown in the type specimen, 
but still better upon a young specimen from the same locality and horizon, figure 2 on Plate 
XXXVII. The change from scattered pits in the lower part to parallel longitudinal wrinkles 
on the higher brachials is very distinct ; the small specimen also shows very plainly the exact 
construction of the proximal columnals, and how they differ from those of Ichthyocrinus. 
These three specimens give a very intelligible representation of the species, which seems well 
characterized by them. 

There is, however, in addition to these a very large specimen from Tofta (horizon d) 
showing such a great development in size that it may possibly belong to a different species 
(Pl. XXXVII, figs. 5a, b, c). It is fully twice as large as any of those before mentioned, 
and has some tendency to angularity on the distal portion of the higher brachials. It shows 
no surface ornament, but as it is a weathered specimen this may be due to erosion. It has all 
the appearance of a very mature individual, and might readily be considered merely as such, 
if it were not for the fact that there are in the Riks Museum at Stockholm, from the same 
horizon at Wisby, two crushed fragments of specimens even larger than this, which show the 
same tendency to angularity in the higher brachials; but they also show, very plainly, the 
surface markings characteristic of the type specimen (Pl. XXXVII, figs. 4a, 6). On the 
whole it seems difficult to point out any difference between these larger specimens and the 
others which may not be due to individual growth or condition of preservation; and the 
fact that there are three specimens of this size would rather indicate that the habitus of the 
species is large, and that the type was probably undersized. 

Type. Riks Museum; Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock group, horizons c, d; Wisby and Tofta, Island of 
Gotland. 
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Clidochirus americanus n. sp. 
Plate XX XVII, figs. 7-8 

A small species. Crown elongate pyriform, height to width at upper I] Br 
about I to 1; spread of calyx from base to same level, 1 to 2.6. Surface smooth. 
Maximum crown 25 mm. high by 15 mm. wide at upper I] Br; base 3 mm. 

IBB visible in pentagonal outline. BB small. RA much smaller than RR 
in other rays. Anal + alone, angular above. I1Br 3 as arule; II] Br 4 or more; 
one more bifurcation visible. Brachials not more than twice as wide as high, 
evenly curved, without median ridges, tapering rapidly above IIBr. Column 
small, not expanding at top. 


This species is founded on two specimens from the top of the Medinan group of Ohio, 
a horizon below that of the shales of Indiana and New York, and perhaps corresponding to a 
horizon lower than beds c and d in which the Gotland species occur. It is a slightly more 
elongate form than C. pyrum, as the proportionate dimensions averaged from all the speci- 
mens show, and the brachials are proportionately longer and narrower. The size is about 
the same as the average of that species leaving out the very large specimens. The difference 
in size of the radianal between the two species is quite remarkable, and seems to be constant. 
In this one it has the appearance of a reduced or undeveloped plate, much like that in some 
specimens of Ichthyocrinus; here also the succeeding radial is somewhat ill-formed. The 
brachials throughout are proportionally longer than in either of the other species, producing 
greater elongation of the crown, even where the others have a larger number of plates 
between the bifurcations. 

The stem, as shown in the largest specimen (Pl. XX XVII, fig. 8), has a little different 
aspect from that of the Gotland specimens, being narrower in the proximal part, and the 
joints further down more rounded. It shows a marked alternation of short and long 
columnals diminishing distally until only the longer ones are left. The surface in both 
specimens is imperfectly preserved, and they show no trace of the characteristic ornamenta- 
tion of the type specimen of C. pyrum. 

No other specimens have been found besides the two figured. 

Type. Author’s collection. 

Horizon and locality. Silurian, Brassfield formation at the top of the Medinan group; 
Dayton, Ohio. 


Clidochirus keyserensis n. sp. 
Plate XX XVII, figs. 9-11 

A medium sized species. Crown angular, broadly rounded below, expand- 
ing rapidly from base; base small. Height to width at [1Brs, 1 to 2.3; spread of 
calyx from base to IAx, 1 to 4; cross-section at I1Br decagonal, with deep de- 
pressions at the interbrachial sutures. Brachials thick, highly curved and 
sometimes angular; transverse sutures strongly indented. Surface without 
ornament. Maximum crown, 33 mm. high by 22 mm. wide at top of IIBrs. 
Base at column facet, 5 mm. 

IBB very small, invisible beyond the column. BB small for the genus, 
touching the column, and lying so flat as to be but slightly visible in a side view; 
post. B supporting a narrow anal series of three or more plates. RA similar to 
R in other rays. Br not only highly arched longitudinally, but strongly sloping 
to the proximal and distal margins, leaving deep, angular depressions at the 
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sutures, and strongly buttressed side margins. I[IBr 3; II] Br 4 on inner rami 
of dichotom, and 5 to 7 on outer. Arms infolding beyond the 4th bifurcation. 
Column small, cylindrical, with nearly uniform ossicles, slightly alternating in 
length. 

This species is distinguished from all others by its broadly rounded crown, small basal 
and infrabasal plates, and highly arched and buttressed brachial plates. It wholly lacks the 
pyriform or elongate contour and evenly curved plates of the type, or of its American con- 
geners. The infrabasals have retreated to the column facet as in Ichthyocrinus. The figures 
indicate a faint surface ornament, which proves to be not organic, but the result of chemical 
action, affecting most of the crinoids of the same locality. The species is not uncommon in 
the Helderbergian beds, at Keyser, West Virginia. 

Types. In the collection made by Professor Frank Hartley, of Cumberland, Maryland, 
now belonging to the author. 

Horizon and locality. Helderbergian, Keyser formation; Keyser, West Virginia. 


Clidochirus schucherti (Talbot) 
Plate XXXVI, figs. 12-13 
Ichthyocrinus schucherti Talbot, Amer. Jour. Sci., XX, 1905, p. 30, pl. 3, fig. 1 and text-fig. 4. 

A medium sized species. Crown short, conical, with rather narrow base, 
expanding uniformly to about the middle [1] Br, and becoming strongly con- 
tracted above that by the infolding of the arms. Spread of calyx from base to 
upper II Br, about 1 to 3; height to width at that level, 1 to 1.5; side outline but 
slightly convex; cross-section circular; base larger than proximal columnal. 
Surface smooth. Crown of maximum specimen, 27 mm. high by 20 mm. wide 
at upper I] Br; width of base at IBB, 6 mm. 

IBB small, not visible beyond the column. Basals large, showing a full 
pentagon in side view. Anal + large, perhaps followed by another. RA smaller 
than R in other rays. Br 4 times wider than high, evenly curved, without sur- 
face angularity or imbrication; I]Br mostly 4, abnormally 8; IIIBr 5 to 8 or 
more, with another bifurcation visible in some rays. Column of good size, 
proximal columnals not enlarged; alternating nodal joints becoming rounded 
a short distance below. 


This species was founded upon a specimen from the New Scotland beds of the Helder- 
bergian of New York, and described under Ichthyocrinus. Miss Talbot’s description and 
diagram,’ while in other respects excellent, are not correct in representing four primary 
plates in each ray. The specimen is partly imbedded in the matrix, leaving only three rays 
exposed, and these injured by weathering, so that the plates can be well distinguished in only 
two of them. One has four, the other three. No other species or specimen of this family is 
known in which there are four primary plates (radial and three primibrachs) in all the rays, 
except in the Carboniferous. From these facts we must infer that the ray with the four 
plates is the right posterior with the radianal in primitive position, and that there are a radial 
and two primibrachs in each of the other four rays. 

This is confirmed by the discovery of another specimen from the same horizon in New 
York in which the crown is free and the anal structures clearly shown, thus leaving no doubt 
as to its generic position under Clidochirus. The stem in the type specimen also is that of this 


* American Journal of Science, vol. 20, 1905, p. 30, text-fig. 4. 
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genus, and not of [chthyocrinus. ‘This species added to the one from West Virginia, brings 
the range ofethe genus strongly into the Devonian. 

Type. Peabody Museum, Yale University, New Haven, Connecticut. The original of 
Plate XX XVII, figures 13a, b, was found by the veteran collector Frederick Braun and by him 
contributed to my collection in aid of this work. 

Horizon and locality. Devonian, New Scotland formation of the Genes Clarks- 
ville and Schoharie, New York. 


(?) Clidochirus greenei (S. A. Miller) 


FEO KOO, iG tl 

Ichthyocrinus greenei Miller, Geol. Surv. Indiana, Adv. Sheets 18th Rep., 1802, p. 52, pl. 8, fig. 3 (Final 

Report, 18904, p. 306).—Springer, Jour. Geol. XIV, 1906, pp. 490; (? Metichthyocrinus) 517. 

A large species. Crown elongate, pyriform; 50 mm. high by 21 mm. wide 
at widest part, about 111 Br.; height to width at I1Brs, 1 to 0.8; at [Ax, 1 to 0.9; 
spread of calyx from base to I1 Bru, 1 to 2.8; cross-section circular, side outline 
concave or straight, continuous with stem. Base truncate. Surface smooth. 

IBB large, visible as broad, low pentagons. BB small, wider than high. 
RR small, about one and one-half times wider than high. IBr and I[Br about 
twice as wide as high, increasing in width from RR upward; IBr 25 INUBie Ae 
IIIBr 5 to 10 or more, with other bifurcations following. Rays interlocking at 
least to upper [1 Br, abutting and infolding above, branching to at least 4 bifur- 
cations; plates evenly curved, with but little convexity. No interbrachials, anal 
side unknown. Column large, continuous with calyx, with a proximal enlarge- 
ment composed of short columnals increasing in length downward as far as 
preserved. 


This species was founded upon a single specimen, described by S. A. Miller as Ichthyo- 
crinus. It is said in the description to be from the Keokuk limestone of the Lower Car- 
boniferous, and no other example of it has been discovered. Three rays are exposed, while 
the other side of the crown lies imbedded in a coarse, siliceous limestone harder than the 
fossil, thus effectually preventing any further exposure of the rays by cleaning. Unfor- 
tunately the part concealed is the posterior side, and we do not know what the anal structure 
is; from what can be seen of the calyx there is room for a narrow single series of anals. The 
large basals and upstanding infrabasals remove it from Ichthyocrinus. 

The aspect of this fossil is nearer that of Clidochirus, to which it would clearly belong if 
possessing a series of anal plates, except for the number of primibrachs; in the visible rays 
this is clearly three, which if constant for the others would separate it from all normal forms 
of this and related genera. It would then (assuming its recorded horizon to be correct) have 
to stand as a Carboniferous representative of Clidochirus, requiring the recognition of a new 
genus bearing the same relation to the former as Taxocrinus to Protaxocrinus—the develop- 
ment of the rays thus correlating with its stratigraphic position, and being parallel to similar 
progressions in the other families. The specimen in this respect may be exceptional, and in 
the absence of further information as to its essential characters it is advisable to place it with 
doubt, and provisionally, under Clidochirus. 

Type. Formerly in the collection of Mr. George K. Greene, New Albany, Indiana, now 
in the American Museum, New York. 

Horizon and locality. (?) Lower Carboniferous. In the description the unique speci- 
men is said to be from the Keokuk Group, Muldraugh Hill, Kentucky. There is a possibility 
that it may have been derived from Niagaran rocks in Jefferson County, Kentucky. Such a 
geological position would confirm the reference to Clidochirus as a variant. 
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“SYNAPTOCRINUS nov. gen. 
(cvvantoc, joined; xpiror, lily) 
Plate XXXVIII, figs. 3-6 


Fic. 39. Synaptocrinus 


Ichthyocrinidae with rays usually in contact all around. Crown elongate, 
expanding distally from radials up. Infrabasals entirely within the ring of 
basals. Posterior basal elongate, much larger than others. Noradianal. Anals 
and interbrachials usually wanting. Primibrachs two. Arms dichotomous, in- 
terlocking, or closely appressed. Column strong, enlarging proximally, cover- 
ing a large part of the basals. 

Genotype. Forbesiocrinus nuntius Hall. 

Distribution. Devonian; United States. 


The type of the Devonian species upon which this genus is founded is small and imper- 
fect, and most of the specimens since found have been of similar character. The discovery 
of a large and finely-preserved specimen, which has been perfectly cleaned on all sides, dis- 
closed a well-marked type which could not be referred to any genus heretofore established. 
It has all the general characters of the family, and superficially bears a strong resemblance 
to Wachsmuthicrinus, from which the dichotomous arm structure and highly differentiated 
posterior basal at once distinguish it. 

In all specimens known there is an entire absence of interbrachial or anal plates, the rays 
being in contact throughout except at the posterior side where they are separated in the lower 
part by the posterior basal. Considering the disproportionate size of this plate we should 
expect to find one or more anal plates succeeding it ; but it is doubtful if they occur, for in all 
specimens thus far observed the posterior basal terminates in a point, fitting accurately 
between the sloping wings of the first primibrachs, or of the overhanging radials. This is 
probably a constant generic character, but if as in the case of Wachsmuthicrinus inter- 
brachials should be found in some specimens, the genus would stand upon its other characters. 
It is morphologically intermediate between Cleistocrinus and Euryocrinus, as it is also in 
geological position. 

Only the one species is known. 
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Synaptocrinus nuntius (Hall)- 
Plate XX XVIII, figs. 3-6 


Forbesiocrinus nuntius Hall, 15th Report New York State Mus. Nat. Hist., 1862, p. 124 (Separate, p. 96) ; 
Bull. I, New York St. Mus., Photographic Plates, 1872, pl. 1, fig. 12. 

Taxocrinus nuntius, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, IX, 1865, p. 140——Wachsmuth 
and Springer, Revision Palaeocrinoidea, I, 1879, p. 49. 

Rhodocrinus (Taxocrinus) nuntius, Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 398. 


Type of the genus. . 

Specimens usually small, but may attain large size. Crown elongate, widest 
about the third bifurcation, where height to width is 1 to 1.3; spread of calyx 
from perimeter of column facet to [Ax, 1 to 2.5; cross-section at that level stel- 
late; side outline straight; base concave, the concavity filled by column and 
including the basals except for small points sometimes exposed. Rays strongly 
elevated and angular in the middle; primary plates and axillaries nodose; sutures 
sinuous. Surface strongly ornamented with small papillae, tending to coalesce 
into longitudinal wrinkles. A large crown is 20 mm. high to about fourth bifur- 
cation, probably extending considerably higher ; width, 24 mm.; base outside of 
column, 7 mm. 

IBB small, filling about half the diameter of column facet. BB small, 
visible only in small angles beyond the column, except the post. B, which is greatly 
elongated, extending to the full height of RR, and terminating in an acute angle, 
leaving no surface for attachment of anal plates. RR wider above than below, 
elevated into large, angular, median nodes resembling short spines projecting 
downward over the proximal columnals, with lateral margins flattened toward 
the sutures; similar nodes surmount the two primibrachs and all axillaries be- 
yond, the intervening brachials being elevated and sharply angular in the middle. 
All brachial plates are much wider than long, and have the lateral margins 
abruptly deflected from the median elevated part into low, wing-like buttresses, 
which meet at the interradial sutures and interlock; just at the edge they often 
have a slight elevation or fold parallel to the median line, strongly resembling 
rows of interbrachial plates. [Br increasing rapidly in width upward in line 
with margins of RR. I[Br 3; [11 Br about 4 to 6 or 7, the longer intervals being 
in the outer rami, some branches bifurcating once more. Column large next to 
the calyx, where it fills the concave base; it diminishes gradually for about a 
dozen moderately thick, rounded and equal ossicles, with thin projecting rims; 
below that they become thicker and more rounded, with large ones at intervals 
of four or five. 

The description of brachial structures is chiefly taken from the large specimen obtained 
at a different locality from the type (Pl. XX XVIII, figs. 4a, b) ; the nodes are less accentuated 


in smaller specimens, but the angularities and general features of surface marking are the 
same. Out of four well marked specimens, three are about equally small ; but notwithstanding 
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the great disparity in size of the large one I am unable to see any specific difference between 
them. The sharply angular distal end of the posterior basal, constant in all the specimens, 
precludes any suggestion of anal structures. Since the foregoing description was prepared 
I have obtained from the type locality in Erie County another still larger specimen, measuring 
45 mm. high by 35 mm. wide. It is so encrusted with pyrites that the detailed structures are 
obliterated, but the nodose axillaries are almost spiniferous. 

Hall in describing the species noted its remarkable resemblance to “ Forbesiocrinus” 
thiemei, now the type of Wachsmuthicrinus, as well as its difference from that species in arm 
structure. This resemblance is heightened by the nodose and spiniferous character of the 
axillaries so conspicuous in the specimens found since his time. 

Types. Hall’s original is in the American Museum of Natural History, New York. 
That of figure 5 is in Columbia University. The others are in the author’s collection. 

Horizon and locality. Middle Devonian, Hamilton Group; Eighteen Mile Creek, Erie 
County, and Bellona, Yates County, New York. 
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DACTYLOCRINUS OQuenstedt 
Plate XLI 


Dactylocrinus Quenstedt, Petref. Deutschlands, IV, 1876, p. 520——Von Zittel, Handbuch Palaeontologie, 
1879, p. 354——Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 233—Jaekel, 
Zeitschr. d. Deutsch. geol. Gesell. for 1897 [1808], p. 45——Bather, Treatise on Zoology (Lankester), 
pt. 3, 1900, p. 189.—Springer, Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1006, 
p. 518.—Zittel-Eastman, Textbook Paleontology, 1913, p. 205. 

Dimerocrinites, Pacht (not Phillips), Verhandl. K. Russ. Min. Gesell., 1853, p: 339 (Separate 1852, p. 8). 

Zeacrinus (Troost), Schultze (not Hall), Mon. Echinodermen Eifler Kalkes, 1867, p. 38—Dewalque in 
Fraipont, Ann. Soc. Geol. Belgique, XI, 1884, p. 112. 

Aristocrinus Rowley, Amer. Geologist, XVI, 1895, p. 217. 

Callawaycrinus Rowley, Amer. Geologist, XVI, 1895, p. 210. 

Not Dactylocrinus Sladen, Proc. Geol. and Polyt. Soc. West Riding, Yorkshire, 1878 (The genus 
Poteriocrinus and allied forms), p. 4. 


Fic. 40. Dactylocrinus 


Ichthyocrinidae with rays above radials separated in lower part. Crown 
elongate to rotund, spreading from radials up. Infrabasals entirely within 
ring of basals. Posterior basal elongate. Radianal not identifiable. Anal + 
followed by smaller plates in one or more series. Interbrachials few; areas 
narrow, with rays meeting above them but not interlocking. Primibrachs two. 
Arms heterotomous; rays in twenty main trunks with ramules on inside of 
dichotom, usually simple. Column large, enlarging proximally. 

Genotype. Dimerocrinites oligoptilus Pacht. 

Distribution. Devonian and base of Lower Carboniferous; Russia, Ger- 
many, Belgium, and the United States. 


This genus marks the introduction of the heterotomous arm, so far as we know, in the 
family Ichthyocrinidae. In most of the species it is a very regular mode of, branching, with 
symmetrical ramules, small, close together and gradually diminishing, being but a short step 
from pinnulation although only unilateral. The shortest intervals are in D. beyrichi from 
the Rhineland Devonian, in which the ramules are borne on every second brachial, that is 
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with intervals of one; the less characteristic species, D. alpena and D. tardus, have intervals 
of 4and 5. In these two species the heterotomy is of an intermediate character, the ramules 
becoming enlarged to more nearly the size of the main arm trunks; the last named is the 
latest survivor of the genus. If the mode of arm branching were to be taken as of control- 
ling weight in the arrangement of families, Dactylocrinus and its heterotomous allies would 
all be placed in one family, as Bather has done. This arm structure seems to me a subordinate 
modification which is repeated independently in several well-defined families of both the 
other orders of the Crinoidea, viz., Dimerocrinidae, Melocrinidae, Actinocrinidae, Platy- 
crinidae and Hexacrinidae of the Camerata, and Cyathocrinidae of the Inadunata. Accord- 
ing to my view, a parallel modification occurs in most of the families of the Flexibilia, 
although without any correlation as to geological succession. 

In the basal structure the characteristic of the family is strongly marked, with a ten- 
dency of the infrabasals to retreat still further from participation in the calyx wall into a 
greater concavity ; this reaches the extreme in D. evcavatus, where they are buried at the 
bottom of a deep excavation involving the basals and part of the radials, and filled by the 
column for a considerable distance (Pl. XLI, fig. 5d). The form and proportions of the 
basals are remarkably constant in the genus and constitute one of the best characters for 
recognizing it; they usually project from the concavity in more or less long, narrow tongues, 
but in every case the posterior basal rises high above the rest to nearly or quite the upper 
margin of the radials. 

In superficial appearance the resemblance between Dactylocrinus and Synerocrinus is 
very strong, but the difference in the construction of the anal area is decisive; that of 
Synerocrinus being a single vertical series of plates soon to become a tube bordered by 
perisome, while in Dactylocrinus the anal plates are in more than one series, filling the lower 
part of the area by sutural union with the brachials; and the anal +, instead of being a 
quadrangular plate, is angular above, supporting two or more plates. The difference noted 
by Bather (Lankester’s Zoology, pt. 3, p. 190), that in Dactylocrinus the proximal ramule 
branches again seems not to be very reliable. In Pacht’s description and figure of D. oligop- 
tilus this appears to be so at only one place, whereas the nineteen other proximal ramules are 
of a simple type. In Synerocrinus the interbrachial system is more profusely developed, 
mature individuals having five to eight plates, and even young specimens have more than one; 
while in Dactylocrinus the number is rather constantly limited to one, or sometimes none. 
The two genera are of widely different geological age, and appear to be closely limited to 
their respective horizons. 

Another genus very similar to this in arm structure is Wachsmuthicrinus, which follows 
it closely in geological succession, and might well be taken as the successor of Dactylocrinus, 
with all anal structures eliminated and to some extent the interbrachials also; the latter are 
rarely absent in Dactylocrinus, but frequently so in Wachsmuthicrinus. By some confusion 
of types the analysis of genera on page 518 of my paper of 1906 (Jour. Geology, vol. 14), 
was made to state the number of main trunks in both these genera as 10, instead of 20. 

For a type so little known in the first instance the literature of the genus is involved in 
an unusual amount of confusion. It was described by Pacht in 1852, from specimens from 
the Upper Devonian limestone of the government of Pskov, Russia, under the name Dimero- 
crinites oligoptilus, with very fine and elaborate illustrations. He assigned his new species to 
Phillips’s genus under a complete misapprehension of the characters of the latter, which 
Phillips had proposed for species which he declared himself to be “unable, at present, to 
characterize completely.” Having the impression from certain remarks of Johannes Muller 
and Phillips that the much discussed species, Poteriocrinus nobilis Phillips and Cyathocrinites 
tuberculatus Miller, did not belong to their respective genera, and recognizing in his own 
species a certain resemblance to them, Pacht concluded to place all three under the still less 
understood Dimerocrinus, making P. nobilis and C. twberculatus synonyms under the name 
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Dimerocrinus nobilis (op. cit., pp. 7-8). His error, therefore, was not in the perception of 
general systematic relations, in which he showed excellent judgment, but in the misunder- 
standing of the genus Dimerocrinus—a difficulty in which he was not without company, as 
the synonymy of that genus will demonstrate. 

In 1881 and 1885 Wachsmuth and Springer (Rev. Pal., pt. 2, p. 2313 pt. 3, p. 144) 
referred Pacht’s species to Taxocrinus, a genus which as then understood would inciude both 
this form and the somewhat similar “ Tawxocrinus” thiemet. In 1886 Wenjukoff * described 
a specimen from Isborsk, northwestern Russia, under Pacht’s name, referring it with doubt 
to Taxocrinus. ; 

In 1895 Professor Rowley described and figured a beautiful new species of this type 
from the Devonian of Missouri, for which he proposed a new name, Avistocrinus; to make 
assurance doubly sure against possible preoccupation of the name, he proposed as an alter- 
native Callawaycrinus.? He evidently did not intend to include Pacht’s species in his genus, 
since he made no reference to it. 

In the meantime Quenstedt (1876, Petref. Deutschland, Bd. 4, Abth. 1, p. 520) discussed 
the oligoptilus of Pacht at some length, showing that it differed essentially from the English 
species described under Dimerocrinus; and he pointed out in detail a character of undoubted 
generic importance, viz., 20 main arms (Hande) bearing ramules (Nebenarmchen) “ which 
stand in only a single row on the inner side of the hands and are so cadrdinated like the 
fingers of Pentacrinus that we have here before us a finger-crinoid, Dactylocrinus.’ He said 
that these ramules were not pinnules, or they would be biserial and alternating. In his later 
Handbuch der Palaeontologie, 1885, Quenstedt did not mention the genus; but in 1879 
Von Zittel (Handb. d. Pal., p. 354) recognized Dactylocrinus with a query, credited it to 
Quenstedt, and gave a good generic diagnosis in conformity with Quenstedt’s observations, 
referring to the type species as Dimerocrinus oligoptilus of Pacht; but no further mention 
of it was made in his subsequent Grundziige der Palaeontologie. 

The generic type being thus recognized and defined under a valid name, the only ques- 
tion is to whom it should be credited—Quenstedt or Von Zittel. Quenstedt did not give a 
formal diagnosis under his name, but his observations contained a clear indication of the 
characters on which he considered the species to differ from the genus under which it had 
been described. We have therefore a published name, an intelligible indication of characters, 
and a well known type species. This brings the case clearly within the twenty-fifth article of 
the International Code of Nomenclature, and the genus must date from Quenstedt, 1876. 

Rowley described his species originally under Taxocrinus (American Geologist, vol. 12, 
1893, p. 304) as having twenty stout arms with pinnules. Afterward (zbid., vol. 13, 1894, 
p- 153) noting the fact that pinnules had not been observed before in any of the Ichthyo- 
crinidae, he said “if what we have designated arms are really free rays, and the so-called 
pinnulae arms, we have here an aberrant Onychocrinus or a new generic form.” It was this 
consideration mainly that led him afterward to propose a new genus, and it is evident that 
the decisive character on which he relied to separate his species from Tasxocrinus was that 
pointed out by Quenstedt as the basis of his Dactylocrinus. If he had seen the figures of 
D. oligoptilus in Pacht’s paper (which is a very rare publication, found in but few libraries 
in this country) theré is no doubt that he would have perceived the relation of the two 
species. As it is, his independent recognition of the generic importance of the arm structure 
disclosed by his specimens was a just and valid observation, and I only regret that under the 
rules of nomenclature the adoption of his name is precluded by the priority of Quenstedt’s 
action. 


*Faune Dey. Syst. Nordw. u. Cent. Russia, p. 31, pl. 1, fig. 11. 
* American Geologist, vol. 16, pp. 217, 219. 
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Schultze in 1867 (Mon. Echin. Eifler Kalkes, p. 38) described a species from the Middle 
Devonian of the Eifel Mountains as Zeacrinus excavatus, and a variety as Z. interscapularis, 
which clearly belong to this genus. Wachsmuth and Springer in 1879 (Rev. Pal., pt. 1, 
p- 50) recognized their relation to the Flexibilia instead of to the Inadunata, but not being 
then acquainted with Pacht’s species or Quenstedt’s genus referred them without good reason 
to Gnorimocrinus. 

Fraipoint in 1884 (Ann. Soc. Geol. Belgique, vol. 11, p. 112) described under the name 
Zeacrinus beyrichi Dewalque a species of this genus from the Upper Devonian at Senzeille, 
Belgium, and called attention to the resemblance of his species to the Zeacrinus interscapu- 
laris and Z. excavatus of Schultze, from nearly equivalent strata in the Eifel Mountains ; and 
he suggested that the three species presented characters sufficient to warrant their reference 
to a new genus. 

Neither Pacht, Quenstedt, nor Von Zittel in their descriptions and discussions made any 
mention of the infrabasals. Fraipoint says they are invisible in his specimen, and Rowley is 
noncommittal, saying that they are “if present, hidden by the upper stem joint.’”’ This is not 
strange, for these plates lie within a sharply bordered basal depression in which the top stem 
joint is usually left firmly attached. Schultze found the second circlet of basals in the deeply 
excavated basal cavity of his species, calling them “ cryptobasalia,” and erroneously stating 
their number as five. 

Dactylocrinus represents a well-defined and vigorous type, with a wide geographical 
range, having now been recognized from Devonian strata in Russia, Germany, Belgium and 
America. 

All the European species are from the Middle or Upper Devonian; those of the United 
States are from the Hamilton, except the intermediate or doubtful species D. tardus from 
the Waverly. 

The species, six in number, are arranged as follows: 


5) 


THE SpEcIES OF DACTYLOCRINUS 


I. Ramules small, well-differentiated. 
Crown short, rotund, contracting upward. 
Inner arm-trunks smaller than outer. 
Base deeply excavated, involving part of RR and all lower plates. 
Ramules slender, at intervals of 4 to 6. 


Wie PASSE Or QOS addeooosucoosnocdsovssaooeoooddeec D. excavatus. 
Base broadly concave; BB extending beyond cavity. 
vaniulesssmallMatemtenvalsiotabouteam sna eee rere D. concavus. 


Crown elongate, spreading upward. 
Main arm trunks about equal. 
Base shallowly concave. 


anil essslend erratenterval sroia bout haere ie irre D. oligoptilus. 
Base sharply excavated. a 
IRATMNES SHOE, AE mnNeMRVEIIS OF Wessccccocanssacoacaoucaesaaseuo D. beyricht. 


II. Ramules large, resembling arm divisions. 
Crown elongate. Base shallowly concave. 
IiBr 3. 
IReymaulles AL mMNETVAlS OF A Or Gocesccuccdecoodncgbcane Bre useevae: dares D. alpena. 
IIBr 4 or 5. 
Ramules at intervals of 6 or 7, approaching dichotomy............. D. tardus. 
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Dactylocrmus excavatus (Schultze) 
Plate XLI, figs. 5-6 


Zeacrinus excavatus Schultze, Mon. Echinodermen Eifler Kalkes, 1867, p. 30, text-fig. 6, pl. 7, figs. 2, 
2a, b—Quenstedt, Petref. Deutschlands, IV, 1876, p. 514, pl. 108, fig. 25. 

Zeacrinus excavatus var. interscapularis Schultze, Mon. Echinodermen Eifler Kalkes, 1876, p. 40, pl. 7, 
figs. 3, 3a, D. : 

Taxocrinus (Gnorimocrinus) excavatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 


1870, p. 50. 
Dactylocrinus excavatus, Jaekel, Zeitschr. d. deutsch. geol. Gesell., for 1897 [1898], XLIX, p. 47— 
Springer, Jour. Geology, XIV, 1906, p. 515. 


A rather small species. Crown relatively short and wide, with very broad 
base. Height of calyx to width at axillary I1Br, 1 to 1.5; spread of calyx from 
lowest point of curved radials, 1 to 1.4; cross-section decagonal, side outline 
nearly straight and perpendicular. Base very broadly truncate, invaginated 
into a very large deep cavity involving the whole of the basals except the pos- 
terior, and a good part of the radials: it is so deep that the infrabasals rest at 
about the level of the lower I]Br. Surface smooth. Crown, 22 mm. high by 
19 mm. wide; height of 11Br, 13 mm.; base at outer edge of curvature, 13 mm.; 
inner diameter of basal concavity, 5 mm.; depth, 12 mm.; diameter of column 
facet at bottom of concavity, 3 mm. 

IBB, BB, and lower part of RR all included within basal concavity and in- 
visible in side view, except post. B which rises above distal face of RR; it is 
succeeded by several anal plates in ranges of two or more abreast filling a tri- 
angular area, above which the rays meet. iBr one elongate plate, or may be 
entirely absent. Rays broad and short, inner ramus smaller than outer. Br 
diminishing in width by steps from four times as wide as high at IBr to about 
equal height and width at IIIBr 2 or 3. Intervals wide; first ramule on third to 
fifth [11 Br, with similar intervals above; ramules small, not over one-third the 
width of brachial, and probably not over three or four in number. Column not 
preserved, but from space in basal cavity must have been of moderate size. 


The remarkable thing about this species is its extremely deep basal concavity, in which 
respect there is nothing like it in any other species of the Flexibilia. That which in other 
species of the genus is a more or less shallow concavity is here a complete invagination, 
extending to the middle of the radials. It is so large, and rises to such a height in the middle 
of the calyx, that the space for the viscera is greatly reduced, and must have been compen- 
sated by a very high tegmen which is not indicated by the height of the crown as seen in the 
fossil state; it probably collapsed under contraction of the infolding arms. The curvature 
for the invagination begins at about half way up the radials, which are recurved and form 
the rim of the cavity; the points of the regular basals do not appear at its edge, but they 
extend inward and upward for a distance equal to the height of the radials and primibrachs 
combined. In figure 5c on Plate XLI the cavity is 12 mm. deep, measuring from the level of 
the rim; and allowing an average thickness for the plates the inner floor of the infrabasals 
would be at about the level of the top of the first IIBr, or nearly as high as the apex of the 
triangular anal area. 
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The relation of these parts is better shown by the cross-section, figure 5d. In the other 
specimen, 6a, b, c, the cavity is nearly as deep and relatively wider. The latter has one good- 
sized interbrachial, as usually found throughout the genus, but 5a-c, although a mature speci- 
men, has no semblance of such plates nor space for any—the rays abutting closely on a 
straight line. These are the only specimens known, so that we do not know which form is the 
more prevalent in the species ; but it is evidently a similar case to that of Wachsmuthicrinus 
thiemei, in which interbrachials are present or absent irrespective of stages of growth. 
Schultze defined the species upon the specimen without interbrachials, and proposed for the 

“other one the variety interscapularis; but in view of the high specialization of the forms in 
other characters it does not seem advisable to separate them. 

In Schultze’s diagram of the species (op. cit., p. 39, fig. 6), and his figure of the first 
specimen (ibid., pl. 7, fig. 2a), some large anal plates are erroneously shown; the anal plates 
in both specimens are mostly gone, and through the space occupied by them may be seen in 
one place part of the wall of the inward projecting basal cavity. The species has small 
ramules, and few of them; in its short, non-spreading crown it is closer to D/ concavus than 
to any other species. 

Types. Museum of Comparative Zoology, Harvard College. 

Horizon and locality. Middle Devonian, Eifel limestone (Stringocephalen-Kallc) ; 
Kerpen and Steinfeld, Eifel, Germany. 


Dactylocrinus concavus ( Rowley) 
Plate XLI, figs. 7-9 


Taxocrinus concavus Rowley, Amer. Geologist, XII, 1803, p. 304, pl. 14, fig. 2—Jbid., XIII, 1804, p. 153, 
figs. 3, 9, IO on p. I5I. 

Aristocrinus concavus Rowley, Amer. Geologist, XVI, 1895, p. 217, figs. I, 2 on p. 220 (? Callawaycrinus 
on p, 219).—Keyes, Bull. Geol. Soc. America, XIII, 1902, p. 285 —Greger, Amer. Jour. Sci., XX VII, 
May, 1909, p. 376. 


A rather small species. Crown short, rotund, with broad base; contracting 
above I[Ax, where height to width is 1 to 2.2; spread of calyx from outside of 
basal rim, 1 to 2; cross-section obtusely pentagonal, side outline curved. Base 
broadly and shallowly concave, resting on basals and lower incurved points of 
radials. Surface smooth. Crown of mature specimen, 25 mm. high by 22 mm. 
wide; base at line of curvature of rim, 11 mm.; column facet, 5 mm. 

IBB small, wholly covered by the column. BB curving from basal cavity 
to outside of rim; their points visible in side view; post. B truncate, not rising to 
top of RR, followed by small anal x, and this by two series of 3 or 4 plates taper- 
ing to an apex between posterior rays. iBr one very large plate, rising to top of 
I1Bri, with a wide, rounded, distal face, probably for attachment of perisome. 
illBr present in large specimens. RR unusually large for the genus—the larg- 
est plates in the calyx. IBr much shorter and narrower. Rays and their divi- 
sions deeply rounded, tapering but little; the inner branch the smaller; [1] Br 
usually 3, occasionally 2 or 4. Ramules small, 4 to 6 visible below point of in- 
folding; intervals usually of 3 or 4 brachials, shorter in the distal portions. 
Column small, with thin ossicles next to calyx. 
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A well-marked and constant species, nearer to D. excavatus than to any other, but with- 
out its deep basal cavity ; otherwise distinguished by its longer, more rounded, and less taper- 
ing ray divisions. In that species the ramules become equal to the main branches at about 
the third division, whereas here they are well differentiated to at least the sixth. 

Types. The originals of figures 7 and 8 are in the collection of Professor R. R. Rowley, 
of Louisiana, Missouri; that of figure 9 is in the author’s collection. 

Horizon and locality. Middle Devonian, Hamilton Group, limestone bed at middle of 
Craghead Creek shale; near Fulton, Callaway County, Missouri, associated with three 
described species of Melocrinus. 


Dactylocrinus oligoptilus (Pacht) 
IP on@ 2ULN, G83 T-2 


Dimerocrinites oligoptilus Pacht, Beitr. Kenntn. Dimerocr., (Separate) 1852, p. 8, pl. I, figs. 1-9; pl. 2, 
figs. I-12; pl. 3, figs. 1-12 [Verh. K. Russ. Gesell., 1853, p. 330]. 

Dimerocrinus oligoptilus, Eichwald, Lethaea Rossica, I, 1860, p. 597——Wachsmuth and Springer, Revision 
Palaeocrinoidea, pt. 2, 1881, p. 231. 

Dactylocrinus oligoptilus, Quenstedt, Petref. Deutschlands, IV, 1876, p. 520, pl. 108, fig. 32 (Dimerocrinus 
on plate).—Jaekel, Zeitschr. d. deutsch. geol. Gesell, XLIX, for 1897 [1808], p. 44. 

Dimerocrinus (Taxocrinus ?) oligoptilus, Wenjukoff, Fauna Dev. Syst. Nordw. u. Cent. Russ., 1886, 
Original, pp. 447, 691 (Résumé, p. 31), pl. 1, fig. 11. 

Taxocrinus oligoptilus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 144. 


Type of the genus. 

Specimens attaining a large size. Crown elongate, expanding gradually 
until above the second bifurcation, rays increasing in width above the radials. 
Height to width at [1] Brs, 1 to 1.4; spread of calyx, I to 3.2; cross-section at that 
level decagonal, side outline slightly curved. Base broad, expanding into a 
slightly rounded rim and then recurving into a shallow concavity, formed by 
the incurved parts of radials and basals, with the column facet at the bottom. 
Surface coarsely granulose. Crown of maximum specimen 52 mm. high by 32 
wide; base at outside of rim 10 mm.; diameter of column at base 5 mm. 

IBB small, entirely covered by proximal columnals at bottom of concavity. 
BB much elongated, projecting in narrow tongues which curve over the rim of 
the concavity ; post. B much higher, reaching to about the top level of RR, where 
it is truncate and narrow, partly supporting first anal plate. Anal « of moderate 
size, with three lower faces supported by post. B and short shoulders of RR; 
it is about the height of the abutting 1Br, angular above, followed by a median 
series of several plates (somewhat disturbed in the type specimen), with some 
smaller plates at either side, all suturally united to adjacent rays and narrowing 
toa point as the rays meet above. iBr one large plate, more than twice the size of 
anal +, acute-angled above; ill Br sometimes present. RR with tongue-like pro- 
jection curving into the basal concavity between BB; primibrachs half as high 
as wide, and about the same size as RR, but slightly narrower on account of the 
interbrachials ; above them the rays increase in width rapidly. Rays and their 
divisions rounded, tapering rapidly; the two rami equal in size, the outer mar- 
gins of the ramuliferous dichotoms contiguous but not interlocking. IIBr 3, 
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widening upward; [I] Br short and wide, plates diminishing regularly in width 
by steps as ramules are given off at every third or fourth plate. Ramules very 
small, rounded, having much the proportions of pinnules; lower ramules less 
than one-third the width of the plates which bear them, those higher in the ray 
gradually approaching the size of the main arm. There are ten or more ramules 
ina mature specimen, usually simple ; branching observed exceptionally. Column 
round, half the diameter of the base outside of the rim; proximal columnals 
thin, there being at least three within the basal cavity. 


Not having access to the types or to any other specimens, I have in the description of 
this species been compelled to rely entirely upon Pacht’s figures. These are very elaborate, 
and bear evidence of great care and skill in the study of the excellent material before him; 
so much indeed as to induce regret that he did not propose a generic name for this new 
and distinct type, instead of referring it to a genus with which it has no possible connection. 
I have made a slight correction in his cross-section of the base (Pl. XLI, fig. 1d), to agree 
with the present understanding gained from. the study of other species; what he represents 
as the upper columnal projecting inside the base is clearly the infrabasal ring, just as is seen 
in the section of Dactylocrinus excavatus on the same plate. The large central opening at 
the inside (fig. Ie) is the expanded triangular funnel found in other genera. In the small 
size and regular form of the ramules, this species is an excellent example of the stage of 
heterotomous arm-branching which is superficially close to pinnulation ; the intervals consist 
of two or three brachials in the lower part, but they become shorter toward the distal end of 
the arm, a fact also observed in other species. 

The species occurs in the lower beds. of the Upper Devonian, associated with Spirifer 
archaici and Rhynchonella cuboides. The principal type specimen was found at Costijitsi, 
on the bank of the river Schelon in the government of Pskov, in northwestern Russia. 
Another used in the illustrations by Pacht was from Isborsk in the same region; and 
Wenjukoff in 1886 described and figured still another well-preserved specimen from the latter 
locality, evidently a much younger individual and differing from those of Pacht in having 
four I1Br, provided the figure is correct ; it does not afford details enough to be of service for 
comparison. 

Types. Ihave not been able to locate the types. 

Horizon and locality. Upper Devonian ; Government of Pskov, Russia. 


Dactylocrinus beyrichi (Dewalque in Fraipont) 
Plate XLI, figs. 3-4 


Zeacrinus beyricht Dewalque in Fraipont (Recherch. Crin. Famennien Belgique), Ann. Soc. Geol. Bel- 
gique, XI, 1884, p. 112 with text-fig., pl. 1, fig. 5. 

Taxocrinus beyrichi, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 144. 

Dactylocrinus beyrichi, Jaekel, Zeitschr. d. deutsch. geol. Gesell., for 1897 [1808]. p. 47. 


Specimens of moderate size. Crown elongate, expanding to top of IIBr, 
where height to width is 1 to 1.7, spread of calyx, 1 to 3.5; cross-section at that 
level deeply decagonal; side outline slightly curved. Base truncate, more 
rounded than in D. oligoptilus and without any expanded rim; sharply excavate, 
the edge cutting radials and basals, and the cavity deep enough to hold several 
columnals. Surface coarsely granulose. Crown of largest specimen, 31 mm. 
high by 25 mm. wide; base, 7 mm., column, 5 mm. 


bo 
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Other structural details are generally similar to those of D. oligoptilus, 
except that here the ray divisions are more deeply rounded, diverge at a wider 
angle, and do not taper so decidedly upward. The ramules are stouter, and are 
given off at shorter intervals, one from every second brachial; about seven are 
yisible before the arms infold, and there were probably ten or more in all. Prox- 
imal columnals very thin. 

The description is made froma very good specimen from Senzielles, considerably larger 
than the type (Pl. XLI, figs. 4a, b). I have copied Fraipont’s type figure, but it is incorrect 

_in representing ramules from every successive brachial; the alternate plates are rather short, 
and run to a sharp angle between the bases of the ramules; these were overlooked by the 
artist, but the text, as well as the diagrams on page 112 of Fraipont’s paper, shows one ramule 
for every two plates. I also suspect that the interbrachials are too large in Fraipont’s figure ; 
they are relatively wider than they appear in the diagram. ‘The species is nearest to D. oligop- 
tilus, being from a closely equivalent horizon; but the rounded base with thin edge of the 
concavity, and the great difference in the ramules, will serve to distinguish it. 

The horizon of this species is the Frasnien limestone, in the lower part of the Upper 
Devonian. It is associated with Melocrinus hieroglyphicus and several other species of the 
Eifel limestone occurring in the upper beds of the Middle Devonian, or Stringocephalen-Kalk. 
Specimens are very rare. Those figured are from Senzielles, and I have another fragmentary 
specimen from Chimay. 

Types. Fraipont’s original was formerly in the collection of Professor G..Dewalque 
of Liege. The other specimen figured is in the author’s collection. 

Horizon and locality. Lower part of Upper Devonian, Frasnien ; Senzielles, near Couvin, 
and Chimay, southern Belgium. 


Dactylocrinus alpena n. sp. 
Plate XLI, figs. toa, b 


A medium-sized species. Crown elongate, height to width at about the 
fourth axillary, 1.6 to 1; of calyx at [Ax, about I to 1.5. Ray divisions about 
equal, with but little taper; axillary plates wider than those next preceding. 
Rays and their main divisions in close contact at least as high as the third bifur- 
cation; all brachials from [Br up have a median elevation. sloping to the sides, 
and are flanked by prominent lateral buttresses which interlock at the inter- 
brachial sutures. IIBr 3, exceptionally 4. Ramules five or six in. number, at 
intervals of 4 or 5 brachials; large, resembling the main arm branches, and two- 
thirds as wide. iBr few, usually 1; small, angular, with rays closely abutting 
above them. Surface smooth except for the angularities on brachials. Anal 
structure and base not exactly known. Holotype about 30 mm. high by 18 wide 
at about the second ramule. 


This species is founded upon a single specimen consisting of a complete set of arms, 
with base broken off; it was found on the beach of Lake Michigan at Alpena somewhat 
weather-worn, and the rays appear more rounded dorsally than they probably were originally. 
The arm-branching shows a distinct tendency toward dichotomy, in which it differs from all 
the preceding species, as well as in the marginal sculpturing of the rays. In the latter feature 
it much resembles Synaptocrinus nuntius, and there is a possibility that the species is an 
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aberrant form of that genus, although the mode of arm branching and the interbrachial struc- 
tures are against it. The specimen is much flattened, and the anal area distorted by pressure, 
but relatively to the other areas its proportions are decidedly those of the present genus. 
Types. Author’s collection. Collected by Rev. W. H. Barris, and presented for use in 
this work. 
Horizon and locality. Middle Devonian, top layer of the traverse beds of the Hamilton 
group; Partridge Point, near Alpena, Michigan. 


Dactylocrinus tardus (Hall) 
IU 2IEM, iG], Ht 


Forbestocrinus lobatus var. tardus Hall, Prelim. Notice 17th Rep. New York St. Cab. Nat. Hist., 1863, 
p. 7 (17th Rep., 1864, p. 56). : 

Forbesiocrinus tardus Hall, Hall and Whitfield, Geol. Surv. Ohio, Pal. II, 1875, p. 170, pl. 12, fig. 2. 

Taxocrinus lobatus var. tardus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 49. 


A large species. Calyx elongate, spreading upward; with rounded rays 
and large ramules resembling arm-branches. Surface smooth. Crown about 
31 mm. high by 15 mm. wide. 

The species is represented by a single imperfect specimen, too much flat- 
tened and injured to afford full details of structure. The concave base with 

-IBB and BB hidden by the column, and the long, narrow post. B rising to the 
height of the radials, proclaim its affinities with the genus. It has the usual anal 
structure, though the plates are not preserved; and it apparently had no inter- 
brachials. There are 4 or 5 I] Br, and longer intervals between the ramules than 
in any other species, being 6 or 7 brachials. The outer branches of the ray divi- 
sions are slightly the larger, the ramules large, and the arm branching is strongly 
in the direction of dichotomy. Column large, with very thin ossicles tapering 
from the calyx. 

This is the last known survivor of the genus, being from the lowest member of the Lower 
Carboniferous, and in its intermediate type of heterotomy it departs most widely from the 
typical species. 

Type. New York State Museum, Albany. 


Horizon and locality. Lower Carboniferous, Waverly Group; Richfield, Cuyahoga 
County, Ohio. 


¢ 
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EURYOCRINUS Phillips 
Plate XL, figs. 1-8 


Euryocrinus Phillips, Geology Yorkshire, II, 1836, p. 205—Goldfuss, Nova Actae Acad. Leop. XIX, 
1839, p. 352.—(Euryocrinites) Austin and Austin, Ann. and Mag. Nat. Hist., (1) X, 1842, p. 109.— 
Morris, Cat. British Fossils, 1843, p. 52 (2d Ed., 1854, p. 79)——Bronn, Lethaea Geognostica, I, 
1856, p. 22.—Rofe, Geol. Mag., (1) X, 1873, p. 263.—Wachsmuth and Springer, Revision Palaeocri- 
noidea, I, 1870, p. 33.—Bather, Rep. British Assoc. for 1898 [1899], p. 923; Treatise on Zoology 
(Lankester), pt. 3, 1900, p. 190—Springer, Jour. Geology, XIV, 1906, p. 483.—Zittel-Eastman, 
Textbook Paleontology, 1913, p. 205. 


Fic. 41. Euryocrinus 


Ichthyocrinidae with rays above radials partly separated by solid plates 
arched over by brachials. Crown expanding upward from radials. Infrabasals 
entirely within the ring of basals, sometimes resorbed. Posterior basal elongate. 
No radianal. Anal x followed by others mostly in single series, filling the area. 
Interbrachials few, usually limited to a single series. Primibrachs three. Arms 
dichotomous, abutting. Column large, expanding toward the calyx. 

Genotype. Euryocrinus concavus Phillips. 

Distribution. Devonian to Lower Carboniferous; England and the United 
States. 

Considered according to the criteria which I have adopted as controlling in this group, 
Euryocrinus stands structurally nearer to Amphicrinus than to any other genus. It has the 
same compact anal side with mainly a single series of plates, but it lacks the disproportionate 
and unusual development of plates in the other interbrachial areas; and it has three primi- 
brachs instead of two. The inequality among the basals is not so pronounced as in that genus. 
In superficial appearance it is close to Parichthyocrinus, with which it also agrees in number 
of primibrachs. The character of the anal interradius, entirely filled by solid plates suturally 
joined to those of adjacent rays, differentiates Ewryocrinus on grounds of family importance, 


which are perfectly clear in normal specimens of Parichthyocrinus with its tube-like anal 
series bordered by a pliant integument. Some variation in the structure in the latter genus 
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tends occasionally to obscure the clearness of this distinction, the anal series appearing nearly 
to fill the area with little appearance of bordering integument; these cases, however, are 
evidently sporadic variations in one abundant species. 

As in Ichthyocrinus, there is in this genus considerable degeneration of the base, with a 
tendency to resorption of the infrabasals. In the type specimen of E. concavus they have 
almost disappeared externally (Pl. XL, fig. 4a), but a small portion at the left side is visible 
in the interior (fig. 4b) ; and in the type of LE. rofei (fig. 7b) about one-half of the infrabasals, 
including the entire right posterior small plate, have been resorbed. This condition of the 
type of E. concavus gave rise at one time to the impression that the genus was monocyclic. 

The literature relating to Ewryocrinus is full of confusion, owing partly to the inade- 
quacy of the original description by Phillips (Geology of Yorkshire, vol. 2, 1836, p. 205). 
His generic and specific description was as follows: “ Pelvis opening pentagonal, arrange- 
ment of plates like Encrinus; internal cavity very large.” This allusion to Encrinus led the 
Austins, and after them Bronn in his Lethaea Geognostica, 1856, to class it with the 
Encrinoidea or Encrinidae; while the appearance of the interbrachial plates shown by 
Phillips’s figures induced Bronn afterwards in his Klassen und Ordungen des Thierreichs, 
1860, to place it as a synonym under Actinocrinus, in which he was followed by Von Zittel in 
Handbuch der Palaeontologie, 1879. The fact that the peculiar structure and characters of 
the Flexibilia were not then understood may account for much of this early misconception of 
the relations of this form; for Phillips’s figures, although not quite perfect, were good enough 
to indicate clearly the systematic position of the genus, as was pointed out by Wachsmuth and 
Springer in 1879 (Rey. Pal., pt. 1, p. 34), who thought it possibly identical with Ichthyocrinus, 
which at that time was supposed to include species with and without interbrachials. 

In the meantime Rofe* figured and described under the type species a specimen from 
another locality (Pl. XL, fig. 7b), upon which he based a more detailed description in the 
terminology of De Koninck, showing two important facts, viz.: (1) a tripartite base and five 
“subradials ’; (2) the overlapping of the distal face of the radials and lower brachials by 
the succeeding plates. These structures he described more accurately than some of his prede- 
cessors had done, thus indicating clearly the dicyclic base and loose articulation of the Flexi- 
bilia. Rofe did not make any suggestion as to the systematic place of this form, but from two 
allusions in his paper to features in which it was thought similar to Actinocrinus, it may be 
inferred that he considered its affinities to be with that genus. 

In 1888 Bather and Gregory, having before them the types of both Phillips’s and Rofe’s 
descriptions, proposed to refer Rofe’s specimens to a new species, E. rofei, but their descrip- 
tion was never published; and when in 1905 I had the opportunity to examine the type 
specimens in the British Museum, Dr. Bather very generously placed their notes at my dis- 
posal, and I have pleasure in publishing the species under their names. In 1906,” as a result 
of the examination of the original material, I indicated the definite position of this form as 
a valid genus. 

Euryocrinus, so long ignored and misunderstood, and hitherto represented only by the 
four figured types from the English Lower Carboniferous, proves to have a wide range, 
- both geographic and stratigraphic. It has now been recognized in America by well-defined 
species both from the Devonian and Carboniferous. The former occurrence is interesting as 
adding another to the number of Carboniferous genera originating in the Devonian, but the 
latter is still more so for its importance in relation to the stratigraphy. It has not been found 
among the prolific faunas of the Keokuk and other later formations, but only in the Knob- 
stone, near the base of the Lower Carboniferous, at a horizon strictly equivalent to that in 
which the English species occur. The English specimens have been described under three 


* Geological Magazine, vol. 10, 1873, p. 263, pl. 11, figs. 11, 11a, b. 
* Journal of Geology, vol. 14, p. 483. 
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species; being very imperfect, with nothing above the first secundibrachs preserved, the 
definition of the species is not so close as could be wished. The later discoveries have increased 
the number of species to five, which may be characterized as follows: 


Tue SPECIES OF EURYOCRINUS 


I. Surface smooth or finely granulose. 
Calyx elongate, with straight sides. 
Radial series with median elevation. 


IBB large, but within column facet. 
BBivisiblevas ecloncatestrianclesaaaaeeeene eee ecneecre E. barrisi. 


Calyx broadly spreading. 
Radial series broadly convex. 
Base rather small and narrow. 
IBB very small or atrophied. 
BB extending little or not at all beyond column. 


iBr small and narrow, limited to 1 or 2 ranges.............. E. concavus. 

Metal Chek eae aA a ACU Ana CGD an aca moomrsd atae. E. tennesseensis. 
Base broad. 

iBrlargsevin’ severalarangesyon wideyplatesn nace aaeee on eeiace E. rofet. 


II. Surface tubercular. 
Base large. 
BBvextendingAwellabeyoudicolumnueneananee ene ene E. granulosus. 


Euryocrinus barrisi n. sp. 
Plate DoE iG Sa t=3 


A large species, with elongate crown; broadly truncate and excavate at the 
base; height, 50 mm.; width at II/Br, 24 mm.; base, 10 mm. Calyx with nearly 
straight sides, spreading from outside of basal rim to top of [Ax, 1 to 1.5. Cross- 
section at first bifurcation sharply pentagonal. Arms closely abutting to third 
axillary, with a more or less angular median elevation, and raised winged but- 
tresses at sides of brachials; they are broad below, tapering rapidly with rather 
short divisions to four bifurcations, beyond which they are more rounded and 
divergent. Sutures arcuate. Base broadly and shallowly concave. iBr few, 
spaces narrow with the rays meeting above them. Surface smooth, except for 
the angularities and marginal elevation of the brachials. 

IBB rather large for this family, but entirely within BB, and not filling the 
column facet. BB large, forming the greater part of the basal rim, and visible 
in side view as good-sized elongate triangles ; post. B narrow and very elongate, - 
nearly as high as RR, followed by one anal plate with a few others succeeding 
in one principal series and some smaller plates at the side. iBr 1, moderately 
large, angular, with one or two smaller ones following in large specimens; 
arched over by the wing-like projection of the axillaries; 111 Br sometimes pres- 
ent. RR large, wider than succeeding IBr, their lower angles curving into the 
basal cavity. IBr 3, short and wide, increasing in width to the axillaries. I] Br 
3; L1I1Br 4 or 5 inner, and 8 or 10 outer; plates of these series as well as the upper 


ICHTHYOCRINIDAE j 317 


two IBr very short and wide, meeting and interlocking laterally by angular 
margins, with a prominent node or ridge at the angles. All higher brachials 
very short and wide. Column large, with excavate facet less than diameter of 
basal rim; tapering slowly from the calyx and gradually changing from short 
to longer and alternating columnals. 


This species is represented by two well-preserved calices from the Hamilton group at 
Alpena, Michigan, and a nearly complete specimen with stem and arms from equivalent 
strata at New Buffalo, lowa. The latter is considerably flattened, so that the calyx appears 
wider and more robust than in the others; it is somewhat weatherworn in the lower part, 
where the sharp angularity of the rays does not appear, but the sculpturing of the brachials 
from the first axillary up is finely shown. The smaller calyx, cleaned from the soft limestone 
matrix, has this angularity well preserved in the lower part. The two calices also show very 
prominently the nodose projections at the margin of the brachials, so that in this respect we 
have the structures completely represented. There can be no doubt as to the propriety of 
referring these specimens to the rare genus Euryocrinus, with which they agree in all essential 
structures, the anal side differing only in minor detail. The species differs from those of the 
Carboniferous in its more elongate and less curved form, larger basals, and the sculpturing 
upon the brachials. 

Types. Author’s collection. 

Horizon and locality. Middle Devonian, Hamilton Group. The two calices are from the 
top layers of the Traverse Group of the Hamilton at Partridge Point, near Alpena, Michigan, 
where they were found by my venerated friend, the Reverend Dr. W. H. Barris, who pre- 
sented them to me a short time before his death as a contribution toward the present work, 
and to whose memory I have dedicated the species. The more complete specimen is from the 
same horizon at New Buffalo, Iowa. No others have appeared in the large collections since 
made from the Michigan region. 


Euryocrinus concavus Phillips 
Plate XL, figs. 4-5 


Euryocrinus concavus Phillips, Geology Yorkshire, II, 1836, p. 205, pl. 4, figs. 14, 15—Austin and Austin, 
Ann. and Mag. Nat. Hist. (1) X, p. 109.—Morris, Cat. British Fossils, Ed. 1, 1843, p. 52 (2d Ed., 
1854, p; 79). —Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 34. 

Actinocrinus concavus, D’Orbigny, Prodr. Pal. Stratigraphique, I, 1849, p. 156. 

Not Euryocrinus concavus, Rofe, Geol. Mag. (1), X, 1873, p. 263, pl. 11, figs. 11, 11a, b. 


Type of the genus. 

Of rather small size. Calyx low, broadly expanding to I] Bro, where height 
to width is I to 2.5; spread of calyx from base to [Ax, 1 to 3. Plates smooth or 
granulose; sutures sinuous, with tendency to imbrication. Crown above I[Br2, 
and column, unknown. Width of a specimen at IAx, 30 mm.; base, 10 mm. 

IBB small, entirely within BB, and tending to become resorbed. BB small, 
mostly covered by the column; post. B projecting beyond it. Anal series broad, 
with rays arching over at about the third or fourth plate; iBr 1, exceptionally 
2; extremely narrow, and scarcely rising above level of IAx; no ilIBr. Poste- 
rior radials smaller than the others. IBr 3, increasing in width strongly from 
radials up. Column facet large, involving BB and small part of RR. 
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The extreme narrowness of the interbrachials is a striking feature of this species, being 
equally pronounced in both type specimens. The infrabasals are only exposed in one speci- 
men, and there they are almost entirely resorbed.. The base of the principal specimen is 
partly covered by a fragment of the upper stem ossicle, which conceals the unresorbed part 
of the infrabasals and two of the basals (Pl. XL, fig. 4a). This fact led to the supposition 
that the genus was entirely exceptional for this group in being monocyclic and having but 
four basals. The concealed part of the infrabasals can be seen from the interior, clearly 
enough in the specimen but dimly in figure 4b, and it is plain that they are in the same condi- 
tion as in E. rofei (fig. 7b). 

Types. Inthe British Museum, Nos. E6983 and E6984. 

Horizon and locality. Lower Carboniferous, Mountain limestone; Bolland, Yorkshire, 
England. 


Euryocrinus tennesseensis n. sp. 
Plate XL, figs. Oa-c 


A medium-sized species. Crown short, low, and broadly spreading; height 
about equal to width at lower II] Br. Calyx low and broad, height to width at 
top of [Ax, about 1 to 3.4; spread from base, I to 2.1; side outline convex. Arms 
broadly convex to the third axillary and in close contact, margins nearly straight 
and not raised; all brachials very short and wide; sutures arcuate; iBr few, 
large. Surface finely pustulose. . Dimensions of type: Crown, 32 mm. high by 
about 32 wide; base, 8 mm.; calyx to top of [Ax, 5 mm. high by 17 wide. 

IBB within BB, covered by column. BB almost entirely within shallow 
column facet, only very low obtuse points appearing beyond the column. Post. B 
very large, rising higher than R. RR and [Br short, about three times as wide 
as long. IIBr 3; I]IBr 4 or 5 inner, 7 or 8 outer, with another bifurcation on 
the outer ramus at about the oth plate, after which the arms infold. Anals in 
single series of 3 or 4 plates; iBr 1 large, followed by 1 or 2 small ones, with a 
small illBr sometimes present; brachials in close contact above all iBr. 
Column large, with very thin proximal columnals, tapering from the calyx. 

This species is interesting as marking the occurrence of this rare genus in the American 
equivalent of the English Lower Carboniferous to which it belongs, and it adds one more 
important fact in confirmation of the correlation of the formations at the base of our Lower 
Carboniferous with the crinoid-bearing Mountain limestone of England and Belgium. It has 
been found in several localities, mostly in imperfect fragments. The type, from the lower 
beds at White’s Creek Springs, Tennessee, is considerably flattened and distorted, but clearly 
shows all the essential characters. Owing to this flattening the arms appear less convex than 
in most of the specimens. Comparison with the English species can only be made as to the 
calyx; the differences are not great, being chiefly in the interbrachial plates which are here 
decidedly larger and a more definite feature of the calyx wall than in E. concavus, while much 
more restricted vertically than in E. rofei. The pustulose surface, in which this form may 
somewhat resemble E. granulosus, is scarcely more than a fine granulation; and it lacks the 
large basals of that species. 

Type. Author’s collection, associated with several fragments from the different localities. 


Horizon and locality. Lower part of the Lower Carboniferous, in the Knobstone shales 
and limestones called the New Providence beds, equivalent to some part of the Lower Bur- 
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lington—Choteau—Kinderhook—Waverly beds of their respective localities ; White’s Creek 
Springs and Ridge Top, Tennessee; Button Mould Knob, Kentucky; and Knobs in Clark 
and Washington counties, Indiana. 


Euryocrinus rofei Bather and Gregory MS. 
Plate XL, figs. 7a, b 

Euryocrinus concavus Rofe (not Phillips), Geol. Mag., (1) X, 1873, p. 263, pl. 11, figs. 11, I1a, b. 

Larger than E. concavus. Calyx relatively narrower and with straighter 
sides. Height to width at I1Br:, 14 to 33 mm.; base, 14 mm. Plates smooth, 
with sinuous sutures showing no sign of imbrication. Base broad and flat. 
IBB mostly resorbed. BB and anal series about as in E. concavus, but iBr much 
larger and wider, being about the same as the anals, and extending higher up. 
On account of this and the width of the base the increase in width of the three 
primibrachs is much less. Superior parts and column unknown. 


This is the form figured and described by Rofe as E. concavus. He only gave a side view 
of the specimen, with two explanatory figures to show the curved sutures and the over- 
lapping of one brachial over the edge of the one below it (patelloid processes of subsequent 
literature), which strongly attracted his attention. There is another fragment of this species 
in the British Museum, No. E642, showing only the interior, which has the same tendency to 
resorption of the infrabasals accompanied by the enlarged growth of the axial canal. The 
great difference in size and extent of the interbrachials, and the less spreading calyx, distin- 
guish this species from the type. 

Type. British Museum, No. E7423. 

Horizon and locality. Lower Carboniferous, Mountain limestone; Clitheroe, England. 


(?) Euryocrinus granulosus (Phillips) 
Plate XL, fig. § 


Poteriocrinus granulosus Phillips, Geology Yorkshire, II, 1836, p. 205, pl. 4, fig. 4 (not figs. 2, 8, 9, 10). 

Poteriocrinus granulatus in explanation of plate on p. 246.—Morris, Cat. Brit. Foss., 2d Ed., 1854, 

. 87. 
ee granulosus, Morris, Cat. Brit. Foss., 1st Ed., 1843, p. 59—Bronn, Index Palaeontologicus, I, 
1848, p. 1217. 

Phillips figured under the above name two entirely different types, his figures 2, 8, 9 
and 10 representing Poteriocrinoids with a radianal; and of these, figure 2, was referred to 
Poteriocrinus by De Koninck and Le Hon under the name Potertocrinus phillipsianus. The 
references of this species by various subsequent authors to Zeacrinus and Hydretonocrinus 
were based wholly on figures 2 and 8, and are therefore omitted from the synonymy. The 
remaining specimen, original of Phillips’s figure 4, belongs to this family, perhaps to this 
genus, although my guess would be rather in favor of Amphicrinus; it is a fragment in which 
only the base and some of the radials are preserved. Both basals and infrabasals are larger 
than in the other species, the former extending well beyond the column and the latter not 
being at all resorbed. The surface is distinctly marked with small tubercles. No other speci- 
mens of this form have been found. 

Type. British Museum, No. E6982. 

Horizon and locality. Lower Carboniferous, Mountain limestone(?); Bolland, York- 
shire, England. 
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METICHTHYOCRINUS Springer 
Plate XXXIX 


Metichthyocrinus Springer, Jour. Geology, XIV, 1906, p. 479.—Zittel-Eastman, Textbook Paleontology, 
1913, p. 205. 


Fie. 42. Metichthyocrinus 


Ichthyocrinidae with rays in contact all around. Crown globose to ovoid, 
expanding distally from radials. Infrabasals entirely within ring of basals. 
Posterior basal not differentiated. No radianal, anal or interbrachial plates. 
Primibrachs two. Rays widening from radials up. Arms dichotomous, inter- 
locking, in form of mere extensions of the ray divisions. Column with proximal 
- enlargement. 

Genotype. Cyathocrinites tiaraeformis Troost. 
Distribution. Lower part of Lower Carboniferous; United States. 


Metichthyocrinus is the Carboniferous representative of [chthyocrinus, with the radianal 
eliminated. Along with this modification are some minor changes, such as in the shape of 
the crown which has become relatively shorter and more rotund; and in the bifurcation of the 
arms, which apparently end with a large number of tertibrachs, in place of further branching 
to small finials as in the Silurian genus. Notwithstanding the rotundity of the crown the 
expansion begins with the radials, the rays regularly widening from the base up, and being 
thus entirely different structurally from those of the Lecanocrinus group. With the increase 
in convexity of the crown there is seen an occasional occurrence of small, sporadic inter- 
brachials which break through and come to the surface (Pl. XXXIX, figs. ga, b) ; these do 
not in any way separate the rays, which close in together above them, and they appear 
irregularly, having been seen only in a few rays of specimens of M. burlingtonensis and 
M. clarkensis. 

The infrabasals and basals take no material part in the calyx, the former being within 
the basal ring, and the latter mostly covered by the column. The axial canal, which is not 
large, enters with an obtusely pentagonal section, enlarges into a small cavity within the infra- 
basal ring, where it takes the form of a three-lobed funnel, with a little projecting lip at each 
angle opposite the middle of an infrabasal. The infrabasal and basal plates are considerably 


ICHTHYOCRINIDAE 321 


larger externally than on the inner floor of the calyx. This feature is well illustrated by 
figures 11c, d, of Plate XX XIX, which are exterior and interior views of the same specimen, 
and by figure 12, a vertical section showing the dorso-ventral course of the sutures of the 
various plates from infrabasals up. The arcuate sutures are very conspicuous in all the 
species, especially those from the Knobstone, in which they have the appearance of imbrica- 
tion so prominent in some [chthyocrinus. 

Metichthyocrinus is a rare genus, with a very limited stratigraphic range ; but few species 
are known, and it has thus far been confined to the Kinderhook, Knobstone and Burlington 
formations. This statement is in apparent conflict with the record as to the horizon of certain 
species. MM. clarkensis, from Clark County, Indiana, is stated by the authors to be from the 
Keokuk or Warsaw. The type specimen was purchased by Mr. Gurley from a dealer, as 
were many of Miller and Gurley’s types, and there is no authentic record of its exact locality. 
It is supposed to have been found near Henryville, where the fossiliferous exposures belong 
to the Knobstone group, which is the source of all other known specimens. The type’ of 
Troost’s M. tiaraeformis is from White’s Creek Springs, Tennessee, and is also credited to 
the Keokuk ; but from the appearance of this and some other specimens of the same species 
found at that locality, and from its known occurrence in some of the Knobs south of Louis- 
ville, Kentucky, there is no doubt that it comes from the lower beds at White’s Creek, and is 
therefore from the Knobstone, or New Providence shale, approximately equivalent to the 
Lower Burlington (see Proc. U. S. Nat. Mus., vol. 41, 1911, pp. 175-208). No trace of the 
genus has been found at any of the typical Keokuk localities, and no authentic: specimen in 
the Upper Burlington. 

The points of differentiation of the species in this genus are few, and are mostly such as 
might shade into one another by easy transitions among forms prolific in individuals. The 
general form and proportions of the crown count for something, and the number of secundi- 
brachs, relative breadth of base, and imbrication of the plates, are useful characters. I have 
arranged the species as follows: 


THE SpeEcIES oF METICHTHYOCRINUS 


I. 11Br usually 3; plates not imbricated. 


Crowmeovoidmclongatceemeeer eis cas mace sn ries ate M. burlingtonensis. 
IJ. [1Br usually 4; plates more or less imbricated. 
Growmmovioitd melon cate tact cessive iefsitieciss i cies chatter roietashaoneetacee M. clarkensis. 


Crown globose. 
Bascvbroa ders cpreiatete Mei sai navs) sto sa dnaie nts we oat cone mane ces M. tiraeformis. 
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Metichthyocrinus burlingtonensis (Hall) 
Plate XXXIX, figs. 1-7 


Ichthyocrinus burlingtonensis Hall, Geology, Iowa, I, pt. 2, 1858, p. 557, text-fig. 75.—Quenstedt, Petref. 
Deutschlands, IV, 1876, p. 515, pl. 108, fig. 24—Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. 1, 1870, p. 34.—Whitfield, Mem. Amer. Mus. Nat. Hist., I, 1893, p. 35, pl. 3, fig. 24.—Keyes, Geol. 
Sury. Missouri, 1V, 1804, p. 223. 

Metichthyocrinus burlingtonensis, Springer, Jour. Geology, XIV, 1906, pl. 6, fig. 15. 


A small species. Crown ovoid, higher than wide, greatest width about 
II1Br:.; height to width at I[Brs, 1 to 1.6; at [Ax, 1 to 2.4; spread of calyx from 
column to IIBrs, I to 4; cross-section circular; side outline convex. Surface 
smooth. Maximum crown, 22 mm. high by 19 mm. wide; average of 5 speci- 
mens, 18 mm. high by 17 mm. wide. 

IBB small, limited to the column facet. BB small, usually visible as small 
triangles beyond the column. RR but little involved in column facet. IBri and 
corresponding higher brachials about 1 to 2.4 in height to width. JIBr usually 
3, sometimes 4. II] Br to to 15 or more. Rays evenly curved, without angular- 
ity or median ridge; interlocking to at least the upper II Br, above that abutting, 
infolding, and tapering rapidly from about the third III Br, apparently without 
further bifurcation. Column facet large, indented. Column large, round, 
slightly enlarged at the top; composed near the calyx of very short columnals 
which change somewhat abruptly to ossicles of four times their length alternat- 
ing with very short ones. 


This was the first Carboniferous Ichthyocrinus described, although in connection with it 
Hall in a note gave a description and diagram of Troost’s unpublished species, J. tiaraeformis. 
He had only a fragmentary specimen, in which the rays were not preserved beyond the first 
axillary plate. Neither did it show the infrabasals, which were not mentioned in the descrip- 
tion nor in the generic formula, although in his redescription of J. laevis from the Silurian 
Hall had called attention to them as “three small, undeveloped plates.” As usually found, 
the top columnal remains attached in the sharply indented column facet and conceals these 
plates from view ; in one specimen (Pl. XX XIX, fig. 5b) they are of fair size externally, but 
the interior view in another specimen a little larger than this (6b) shows how they diminish 
in size at the inner side of the calyx. 

In another interesting specimen (fig. 7) we have an actual vertical section of the crown 
through the axial canal, showing the calyx wall and the relative positions of infrabasals and 
basals; it also shows the probable position of the tegmen, though not its structure. The 
transverse line from the margin of the axillary primibrach represents the upper surface of a 
very definite granular structure, entirely replaced by crystallized calcite, but wholly distinct 
from the objects above it which are a mixture of matrix and displaced ends of arms; the 
integument is doubtless somewhat sunken from its original level, which may have been at the 
height of the third secundibrach. 

The shape of the crown in this species is an elongate ovoid with the widest end up. In 
this respect it is similar to M. clarkensis, but is well distinguished from M. tiaraeformis. 
The same thing may be said as to most of the other characters, except the number of secundi- 
brachs, which in this species is generally 3, and in the others 4. In five specimens of 
M. burlingtonensis preserving the rays these plates appear as follows: Out of 43 rami in 
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which they can be seen, 41 have three IIBr, 1 has four, and 1 has five. In one exceptional 
specimen 7 out of 10 rami have four. 

The number of tertibrachs runs from at least 10 to 15 or more, with apparently no 
further bifurcation; the arms appear to taper to a rather blunt point, without any indication 
of such coiling as is observed in the Silurian forms. This extension of the tertibrachs obtains 
also in M. clarkensis and M. tiaraeformis, where the number ranges a little higher, being 
rarely less than 13, while the contrast with the Silurian forms of the family is very marked, 
they having usually from 7 to 10 tertibrachs with one or more bifurcations following. In 
conformity with the slightly more elongate form, the brachials in this species and M. clark- 
ensis are proportionally a little longer than in M. tiaraeformus, the height to width being 1 to 
2.4, as against I to 3 in that species. Whether there are any differences in the column cannot 
be ascertained, as it is only known in this species, where it shows somewhat irregular features 
in two specimens. The enlargement at the top is not very prominent, indeed in one specimen 
it seems not to be present at all. 

Although this is the best represented species of the genus, specimens of it are extremely 
rare, not over a dozen having been found in all the collections made at Burlington. It occurs 
in the Lower Burlington limestone, and has not been found, beyond a single doubtful frag- 
ment, in the upper bed of that formation. Fragmentary specimens perhaps of this species 
have been found in the Fern Glen horizon (Kinderhook) Missouri. 

Type. The specimen used by Hall in his description and which was figured by Whitfield 
in Mem. American Museum, volume 1, plate 3, figure 24, is in the American Museum, New 
York. The specimens figured here are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Kinderhook and Burlington ; Burlington, 
Towa and Fern Glen, Missouri. 


Metichthyocrinus clarkensis (Miller and Gurley) 
Plate XXXIX, figs. 8-18 


Ichthyocrinus clarkensis Miller and Gurley, Bull. 5, Illinois St. Mus., 1894, p. 43, pl. 4, fig. 5—Beede, 30th 
Rep. Geol. and Nat. Hist. Indiana, 1906, p. 1257, pl. 14, fig. 4. 


A large species. Crown elongate ovoid, higher than wide, greatest width 
about I]1Brz; height to width at I1Br., 1 to 1.6; at 1Ax, 1 to 2.1; spread of calyx 
from column to I] Bra, 1 to 4; to [Ax, 1 to 2.7; cross-section circular at II Brs, but 
above that obtusely decagonal owing to the convexity of the arms and depres- 
sion of the interbrachial sutures; side outline convex; surface smooth, plates 
strongly imbricated. Maximum crown, 33 mm. high by 28 mm. wide. 

IBB minute, not over half the diameter of column facet. BB small, visible, 
if at all, only as small points beyond the column. RR partly resting on column. 
IBr: and corresponding brachial of higher series about I to 2.4 in height to 
width. IIBr generally 4. IIIBr 13 to 17 or more, transversely convex. Arms 
well rounded, closely abutting, tapering but little before infolding, and without 
further visible bifurcation. Column facet indented, including IBB, most or all 
of BB and part of RR. Column unknown. 


In addition to its larger size, and usually greater number of secundibrachs, this species 
is distinguished from M. burlingtonensis by the greater roundness of the arms and less deli- 
cate construction. In that species there is almost no convexity of the plates or depression at 
the interbrachial sutures, and the sutures throughout are marked by light, delicate lines ; 
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whereas in this the plates are well-rounded, their curvature breaking the otherwise circular 
outline of the cross-section, and the sutures are marked by a strong marginal elevation giving 
a sharply imbricated appearance. The arms are heavy, abut very closely, and taper but little 
' to the point where they disappear by infolding. The last two features are shared by M. tiarae- 
formis, which also has 4 secundibrachs as a rule. The interlocking of the rays is very perfect 
at least as far as the upper secundibrach, and there is to be seen at about this level, in at least 
six interbrachii of the principal specimen, a very small intercalated plate, which probably indi- 
cates the vertical limit of the calyx (Pl. XX XIX, figs. ga, b). 

M. clarkensis was described from a much flattened and imperfect specimen, and from 
the description and figure 1 supposed it to be a synonym of M. tiaraeformis of the same 
horizon. Fortunately I came into possession of some excellent material from the same vicin- 
ity, which shows that the species may perhaps be maintained. The rather slight difference 
in absolute dimensions produces a distinct change in habitus which seems to be constant in 
the specimens. The elongate ovoid outline, relatively narrow base, and more rapid spread of 
the calyx wall, are plainly shown by the outline restoration of the principal specimen, which 
although perfect is somewhat flattened (Pl. XX XIX, fig. gc). The basals are not visible in 
this specimen, and were probably smaller as a rule than in the other species. One fragmen- 
tary specimen of this species, not figured, has 3 primibrachs in one ray. : 

Good specimens of this species are very rare, those figured being all that are known 
except a few fragments. Several imperfect specimens have been obtained from Button 
Mould Knob and other localities near Louisville, which furnish useful information as to the 
structure of the calyx; some of them have a considerably greater development of basals than 
-is considered characteristic, and in this respect show variation toward M. burlingtonensis 
which is from substantially the same horizon (figs. 14-16). One of these specimens 
(figs. 11a-d) is of interest because it shows both the exterior and interior of the base, and 
gives an excellent idea of the relative proportions and development of these parts. 

~ As in Ichthyocrinus, the axial canal, which is obtusely pentagonal below, opens out on the 
inside into a three-cornered funnel with a projecting rim, following the median line of the 
infrabasals; this structure at the interior is very well shown by the enlarged figure IIc. 
This interesting specimen, and also the beautiful original of figures 9a, b, were given to me 
some years ago by the Rev. H. Hertzer, of Marietta, Ohio, who collected them at the Knob 
south of Louisville, Kentucky. Another instructive specimen from the same region gives a 
vertical section of these structures, obtained by parting at the suture lines, not by grinding 
(fig. 12) ; the proximal columnal is in place, and the axial canal is seen passing through it and 
the infrabasals, enlarging above into the chambered organ. In none of these specimens show- 
ing the interior can I find any trace of grooves for the lodgment of the axial nerve cords 
after they pass upward beyond the triangular funnel within the infrabasals ; their course was 
probably entirely separate from the calcareous substance of the plates. 

Types. Miller and Gurley’s original is in the University of Chicago; the other specimens 
figured are in my collection. 

Horizon and locality. Lower Carboniferous, New Providence shales (Knobstone) ; 
Clark County, Indiana ; Knobs near Louisville, and Bradfordville, Kentucky ; White’s Creek, 
Tennessee. 
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Metichthyocrinus tiaraeformis (Troost) Hall 
Plate XX XIX, figs. 19-21 


Cyathocrinus tiariformis Troost, Amer. Jour. Sci., (2) VIII, 1849, p. 420, n. n.; Miller, N. A. Geol. and 
Palaeontology, 1889, p. 250; Troost (tiaraeformis) Proc. Amer. Assoc. Ady. Sci., 1850, p. 61, n. n. 
Ichthyocrinus tiaraeformis (Troost) in Hall, Geology Iowa, I, pt. 2, 1858, p. 558, text-fig. 74—Shumard, 
Trans. Acad. Sci. St. Louis, II, 1866, p. 378—Wachsmuth and Springer, Revision Palaeocrinoidea, 
pt. 1, 1879, p. 35.—Wood, Bull. 64, U. S. Nat. Museum, 1909, p. 99, pl. 7, figs. 15-17. 
Metichthyocrinus tiaraefornis, Springer, Jour. Geology, XIV, 1906, p. 477. 


A large species. Crown globose, wider than high, very broadly truncate at 
the base; greatest width about [11 Br.; height to width at [1 Bru, 1 to 2; at [Ax, 
1 to 3.7; spread of calyx from column to IIBr:, 1 to 3.4; to [Ax, 1 to 2.4; cross- 
section at I] Br: circular, above obtusely decangular ; side outline convex. Sur- 
face smooth, plates strongly imbricated. Maximum crown, 30 mm. high by 
32 mm. wide. 

IBB minute. BB small, usually wholly within the column facet, which also 
involves part of RR. [Bri and corresponding higher brachials about three times 
wider than high. IIBr 4, exceptionally 3; I11Br 14 to 16, no further bifurca- 
tions visible. Brachials evenly curved below, becoming convex about the second 
bifurcation. Arms broadly rounded, closely abutting, and infolding. Column 
facet indented, and very large. Column with short proximal columnals. 


The main character that distinguishes this species from M. clarkensis is its globose form, 
with broad base, very low and broadly spreading calyx, and relatively shorter and wider 
brachials. The two forms are found at the same horizon, though not certainly at the same 
localities except at White’s Creek. There seems to be a fair degree of constancy in the differ- 
ences, slight though they are, and in a form with so few structural features apparent in the 
fossil which can be used for specific determination we must take them for what they are 
worth. From the type locality we have several good specimens, although the species is quite 
rare. 

The first is the type, in the original collection of Troost now belonging to the U. S. 
National Museum; it is absolutely rotund and perfect in every particular, lacking, of course, 
the stem (Pl. XXXIX, figs. 19a-c). It has three primary brachials above the radial in one 
ray ; whether this is the right posterior ray cannot be ascertained, as the infrabasals are con- 
cealed by the top columnal ; but it will be seen from the figure that the radial in that ray is not 
in any way dwarfed or different in shape from the others, as in Ichthyocrinus. I therefore 
consider the extra plate in this ray as a mere case of sport, having no relation to a radianal. 
I have two other good specimens with arms complete, neither of which show any additional 
plate. The number of secundibrachs is constant at 4 except in one ramus of one ray in each 
specimen. Besides these I have two other specimens from the same locality showing the base 
and parts of the ray ; all five specimens have the same broad base, with basals wholly included 
in the column facet. 

The question of the horizon of this species has been discussed under the genus. 

Type. Inthe United States National Museum, Troost collection. The other specimens 
figured are in the author’s collection. 

Horizon and locality. Lower Carboniferous, New Providence shales (Knobstone) ; 
White’s Creek Springs, Tennessee. 
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WACHSMUTHICRINUS Springer 
INS XCILINUL, XICINY. 


Wachsmuthicrinus Springer, Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1906, p. 510.— 
Zittel-Eastman, Textbook Palaeontology, 1913, p. 205. 
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Fic. 43. Wachsmuthicrinus 


Ichthyocrinidae with rays above radials separated in lower part by solid 
plates, or in contact all around. Crown elongate, expanding from radials up. 
Infrabasals entirely within ring of basals. Posterior basal not differentiated. 
No radianal, or anal. Interbrachials present or absent; when present few and 
variable, and the rays meeting above them. Primibrachs two. Arms heter- 
otomous; rays in twenty main divisions, with simple ramules inside dichotom; 
outside margins may interlock. Column large, expanding proximally. 

Genotype. Forbesiocrinus thiemei Hall. 

Distribution. Lower part of Lower Carboniferous; United States and 
(?) Mountain limestone, England. 

This genus was proposed by me in 1902 for a type represented by several species which 
differed from all other genera of the Flexibilia then known, with two exceptions, in the pen- 
tamerous symmetry due to the complete absence of either anal or radianal plates. Those 
exceptions are Metichthyocrinus and Nipterocrinus, which are so different in other respects 
that their generic distinctness is apparent at a glance. Wachsmuthicrinus may be called a 
heterotomous Ichthyocrinus without a radianal, or, more exactly, a heterotomous Metich- 
thyocrinus. Superficially it bears a close resemblance to the Devonian Synaptocrinus nuntius. 
The pentamerism is very marked and constant ; in a considerable number of good specimens 
only a slight deviation from it has been observed in a few cases where the posterior basal is a 


shade larger than the others, and in an abnormal specimen in which two basals (which ones 
cannot be ascertained) touch the first interradials (Pl. XLII, fig. 3). 
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This complete elimination of disturbing elements, combined with the distinct heterotomy 
of the arms, forms a high degree of specialization, under which there is some variation in 
characters elsewhere of generic importance. One of these is the presence or absence of inter- 
brachials. Ordinarily the function of interbrachials is to fill spaces in the expanding calyx 
of the growing crinoid; therefore they increase in number with the maturity of the indi- 
viduals, and may be expected to be fewest or entirely absent in the smaller specimens. But 
that rule does not hold good in Wachsmuthicrinus. The Knobstone species, although attain- 
ing a large size, are uniformly without any trace of interbrachials; the Lower Burlington 
species, as a rule, have them;—not only the large W. bernhardinae and W. spinifer, but 
also the smallest specimens of what have always been considered W. thiemei (Pl. XLIII, 
figs. 6, 7, and about 15 others not figured). But the type and another one very similar to it 
(figs. I, 2), two of the largest specimens of that species ever found, are without any definite 
interbrachials, and some of the rays interlock perfectly for a considerable distance. These 
specimens are all from the same locality, and have such an entirely similar facies in other 
respects that they cannot be separated specifically on the difference of interbrachials. 

It is evidently here not a question of individual growth so much as of sporadic variation, 
so that a character ordinarily of generic value is subordinated to specialization in another line, 
and is worthless. The variations in WV. thiemei have been the subject of frequent comment 
in the various discussions of the genus Taxocrinus, and were also the cause of the reference 
of some of the species to different genera. W. spinosulus was described by Miller and 
Gurley as an Ichthyocrinus solely on account of its having no interbrachial plates. There is 
also within the genus, as in Dactylocrinus, a tendency to modification of the arm branching 
in the direction of dichotomy, by an increase in the relative size of the ramules, and of the 
intervals between them as in the Knobstone species (fig. 15). Another illustration of the 
tendency to variation in this genus is found in the growth of nodes and spines on the axil- 
laries, especially the axillary primibrachs where they sometimes become of enormous size. 
This also is not a matter of individual growth, but it is either a specific character or a purely 
sporadic variation, as some of the smaller specimens have ample spines, and some of the 
largest only very small nodes, or none at all. 

The basal structure brings the genus clearly within the family Ichthyocrinidae. The 
infrabasals lie within the basal ring, completely under the column (Pl. XLIII, figs. 3, 5, 7). 
They become in some species relatively somewhat larger than in any other genus of the 
family, and occasionally tend to develop a slight flange-like extension over a small part of the 
basals, but none extending to the limits of the column facet. 

Wachsmuthicrinus is restricted to the earliest formations of the Lower Carboniferous, 
occurring first in the Knobstone of Indiana, Kentucky and Missouri, and ranging throughout 
the two beds of the Burlington limestone. JV. thiemei, of the Lower Burlington, is well 
represented in the collections made at Burlington, though never abundant, and it has been 
identified from New Mexico; all the others are extremely rare. The genus probably occurs 
in the British Lower Carboniferous, from which I have figured a defective specimen. The 
tendency to variation already mentioned makes the differentiation of species rather unsatis- 
factory ; either several new ones must be recognized among specimens from the same locality 
and horizon, or a wide latitude must be admitted for what seems to be the leading species in 
each formation. The latter course seems preferable. This leaves one species from the Knob- 
stone, four from the Burlington, and one, not very characteristic, from Scotland; these are 
arranged as follows: 
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THE SPECIES OF WACIISMUTHICRINUS 
I. Ramules small. 
BB very small, entirely covered by column. 
No iBr. 
Stiphaceminelya pustulosenmr merit tttera Bly saaxeenake cee pes reuse W. spinosulus. 
BB extending beyond column. 
iBr present or absent. 
Surface smooth. 
Rays longitudinally angular. 


Small nodes on RR and axillaries ; iBr one or two. : ' 
IREKonAS Bie WASMANS OH F tO Boooncocoacoocoosooccagde0ence W. thiemei. 


Large spines, chiefly on axillary [Br. 
iBr I to 4 or more. ¥s 
TREKS Ale NING Ole BW) Da osccoccsocavocanocannnd W. spinifer. 


Rays rounded. Specimens very large. 
Very small nodes on axillaries. 
iBr and illBr numerous. 
Ramuulesvatuntenvals ote konueers errr reer W. bernhardinae. 
Rays widely divergent. 
iBr numerous, first very large. 
IRF boMOUKSS Ele HAMAS Ot BO As ccaocccosvodsocccongscco0 W. iowensis. 
II. Ramules very large. 


iBr well-developed. 
Rayssabuttinesaboverthem erent eACne recente eee W. ponderosus. . 


Wachsmuthicrinus spinosulus (Miller and Gurley) 
Plate XLIII, figs. 11-16 
Ichthyocrinus spinosulus Miller and Gurley, Bull. 5, Illinois St. Mus., 1804, p. 44, pl. 5, fig. 4. 

Attaining a large size. Crown elongate, in mature specimens spreading 
upward almost to the level of infolding, where height to width is about 1.25 
to 1; spread of calyx from column to [Ax, 1 to 2. Base concave, with radials 
projecting downward from the rim, often in strong nodes. Cross-section quin- 
quelobate, side outline nearly straight. Rays rounded or slightly angular, in 
some specimens marked by prominent nodes and strong transverse ridges on 
lower brachials and axillaries, in others nearly smooth and simply convex; rami 
heavy, equal. Crown of mature specimen, 50 mm. high by 40 mm. wide; base 
at outside of concavity, 15 mm.; column, 12 mm. 

IBB and BB completely covered by column, the former apparently resorbed 
in one imperfect specimen. R and-IBr widening regularly upward, IIBr 3. 
Rays interlocking in typical specimens as high as the last I] Br; in some diverg- 
ing immediately above [Br: or 11Bri. No regular interbrachials in the spaces 
thus formed, and no room for any touching radials. Ramules small, com- 
mencing on third to fifth II] Br, and continuing usually on every third brachial 
to the number of 8 to 10 before infolding; exceptionally at intervals of 6 or 7 
brachials. Column large, expanding next to calyx. 
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_ Like W. thiemet, this species includes two or three forms which might be separated, but 
the specimens occur in a limited horizon, and the range of variation is about the same as in 
that species. Superficially the specimen represented on Plate XLIII, figure 14, looks very 
different from the type, but the surface characters of the former have been removed by 
erosion ; the two are much more alike in essential features than they are like figure 15, which I 
should not hesitate to separate on account of its diverging arms and very long intervals 
between ramules, if we did not have the same variations in W. thiemet. 

None of the Knobstone specimens show any interbrachial plates ; the spaces in figure 15 
were probably not so occupied, as the margins of the brachials are rounded, and show no sign 
of sutural faces. The young specimen, figure 13a, D, is interesting as showing the completely 
different proportions of the plates from those of mature forms. Although the basal plates 
are usually prominent in young individuals, they are in this one completely hidden by the 
column, thus confirming the great reduction of these plates which is characteristic of the 
species. 

As all the specimens are flattened I have given an outline restoration of the type, 
accurately drawn to scale. 

Types. The original of figure 11, is in the University of Chicago; the others in the 
author’s collection. 

Horizon and locality. Base of the Lower Carboniferous, Knobstone Group (New 
Providence shales) ; Clark County, Indiana; Bullitt and Lincoln counties, Kentucky. 


Wachsmuthicrinus thiemei (Hall) 
Plate XLII, figs. I-10 


Forbesiocrinus thiemei Hall, Jour. Boston Soc. Nat. Hist., VII, 1861, p. 317; Descr. New Species. Crin., 
p. 8; Bull. I, New York St. Mus. Nat. Hist., Photographic Plates, 1872, pl. 7, fig. 4 

Taxocrinus thiemet, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, (2) IX, 1865, p. 139—Meek, 
Amer. Jour. Sci. (3) VII, 1874, p. 191—Wachsmuth and Springer, Revision Palaeocrinoidea, I, 
1879, p. 49; N. A. Crinoidea Camerata, 1897, p. 139—Whiteaves, Contrib. Canadian Palaeontology, 
I, pt. 2, 1889, p. 94—Keyes, Geol. Surv. Missouri, IV, 1804, p. 223, pl. 30, fig. 5 

Rhodocrinus (Taxocrinus) thiemei, Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 308. 

Wachsmuthicrinus thiemei, Springer, Amer. Geologist, XXX, 1902, p. 96; Jour. Geolog 
pl. 6, fig.. 19. 

Not Taxocrinus thiemet, Meek and Worthen, Geol. Surv. Illinois, V, 1873, p. 399, pl. 4, fig. r. 


Type of the genus. 

A medium-sized species. Crown elongate, spreading upward; widest about 
first ramule, where height to width is 1 to 1.5; spread of calyx to that level from 
outside of truncate base, I to 3. Cross-section at [Ax sharply pentagonal, side 
outline to that level a notched line with little curvature. Base excavate, with 
RR projecting slightly downward from the margin. Sutures sinuous. Surface 
smooth or finely granular. Mature crown, 33 mm. high by 24 mm. wide; base, 
8mm. ; column at base, 5 mm. 

IBB small, within ring of BB, sometimes with a slight flange projecting 
under BB. BB projecting in triangular points beyond the column. iBr 1 or 2 
small plates, or absent. RR and [Br sloping to a sharp, angular longitudinal 
median ridge, with more or less prominent angular nodes; they increase regu- 
larly in width upward except when an interbrachial is present, when the first 
primibrach is the shortest of the three plates. IIBr 3. Rays and their divisions 


y, XIV, 1906, 
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more or less angular, interlocking or closely abutting on the outer sides, and 
meeting above iBr, when present; axillary plates frequently marked by small 
nodes; rami equal, tapering very gradually; ramules small, 9 or Io in mature 
specimen before infolding; first and second ramules usually on fourth and fifth 
IIIBr, and above that on every third, or in the distal parts every second, brachial. 
Column large, expanding next to calyx for about 25 uniformly thin ossicles, 
beyond which longer rounded columnals begin to alternate with them, these in 
turn doubling their length with increasing intervals between them. 


This species, rare except at one place, has always attracted much attention from the Bur- 
lington collectors, who were careful to save every fragment found. Nearly all of these, 
amounting to about 25 specimens from the principal collections made during fifty years, 
are in the Museum of Comparative Zoology and in my own collection. All are derived from 
the same horizon within a very limited area, and they have a common facies which seems to 
mark them as one species. This includes specimens with rays and arms interlocking to 
various heights, some with arms diverging above the axillary leaving a vacant space, and 
others with one or two, rarely three, interbrachials; some of the smallest specimens have 
interbrachials, and the largest none; and there are all kinds of intermediate stages. Also 
while the ramules above the first two usually occur on every third brachial, an occasional 
specimen (like Pl. XLIII, fig. 9) has ramules relatively so large and far apart as to approach 
dichotomy. But the general type is definite and easily recognizable; all have the sharply 
pentagonal calyx, angular rays, and basals visible outside the column. The tendency to 
develop nodes on the axillaries and lower brachials is quite constant in many specimens, but 
it cannot be said that there is such a gradation from these to the immense spines of 
W. spinifer as to require their consolidation into one species. 

The species was named in honor of Dr. Otto Thieme, of Burlington, Iowa, by whom the 
type specimen was found. A physician by profession, he was a man of versatile talents, of 
scientific habits, and an ardent lover of nature. His attention was attracted in the later 
fifties to the extraordinary richness of the Burlington limestones in crinoidal remains, and he 
was the first who began their systematic collection after the few obtained by Owen’s expedi- 
tion in 1848-49. It was through his influence that Wachsmuth became interested in the sub- 
ject, and began in the field the studies which led to the numerous publications on the crinoids 
with which his name was afterwards connected. 

Types. The original used in Hall’s description is in the Museum of Comparative Zoology, 
Harvard College. The other specimens figured are in the author’s collection. 

Horizon and locality.’ Lower Carboniferous, Lower Burlington limestone ; Burlington, 
Iowa—also reported by Keyes from Hannibal, Missouri. 


ICHTHYOCRINIDAE 331 


Wachsmuthicrinus spinifer (Hall) 
Plate XLIV, figs. 1-5 


Forbesiocrinus spinifer Hall, Jour. Boston Soc. Nat. Hist., VII, 1861, p. 318; Descr. New Species Crin., 
Dp. 9 (spiniger). 

Taxocrinus spinifer, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, IX, 1865, p. 140. 

Taxocrinus thiemei, Meek and Worthen (not Hall), Geol. Surv. Illinois, V, 1873, p. 399, pl. 4, fig. 1. 


Generally similar to WV. thiemet, except in the extremely prominent spines, 
and in having the ramules at shorter intervals. The spines, which give to the 
species a very unusual appearance for this group, are almost wholly confined to 
the axillary primibrach, which is produced to such an extent as to resemble the 
spines on the radial dome-plates in the Camerate genus Dorycrinus. In 
W. thiemei the nodes sometimes become sharp, like spines, but they are small, 
short, and distributed throughout the ray; whereas here the spiniferous ten- 
dency is concentrated on one plate, the other axillaries showing it but rarely. 
The ramules, as shown by four specimens, seem to be constantly rather closer 
together, being on every second brachial in the upper half of the rays, and the 
intervening brachials becoming short and pointed. There is also greater de- 
velopment of interbrachials in this species than in the last, these plates occurring 
alike in large and small specimens. 


The species has been found in the equivalent of the Lower Burlington strata at Lake 
Valley, New Mexico. I have also figured some isolated spinous axillary plates from the 
Kinderhook beds at Fern Glen, Missouri, indicating that this or a similar species existed at 
that horizon, slightly below the beds at Burlington. 

Meek and Worthen considered the species synonymous with W. thiemei, and so figured 
the fine specimen here shown by Plate XLIV, figure ta. 

There has been some confusion as to the name, whether it should be written spinifer or 
spimger, having been used by Hall in the latter form in his preliminary description. But this 
pamphlet, so far as can be ascertained from the dates borne by the publications themselves, 
did not appear until after the full description in the Journal of the Boston Society of Natural 
History, January, 1861, in which the name is printed “spinifer.” 

Type. The type of Hall’s description, formerly in the collection of Dr. Charles A. White, 
is a very imperfect specimen, and was not accessible when the drawings for this work were 
prepared. It is now in the author’s collection, as are the other specimens here figured, except 
that of figure ta, which is in the Museum of Comparative Zoology, Harvard. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone; Burlington, 
Towa, and Lake Valley, New Mexico; and also Kinderhook, Fern Glen, Missouri. 
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Wachsmuthicrinus bernhardinae n. sp. 
Plate XLIV, figs. 6-7 


The largest species of the genus. Crown elongate, spreading rapidly to 
level of first ramule, where height to width is 1 to 1.1, and spread of calyx, 1 to 
3.5. Rays rounded, interbrachial areas deeply depressed. Cross-section quin- 
quelobate; side outline curved. Sutures strongly sinuous. Surface smooth, 
with very small nodes on lower and many of the upper axillaries. Interbrachial 
system strongly developed, there being 8 or 10 good-sized plates in the primary 
axil, and nearly as many smaller ones in the second, and some even in the third. 
Rami equal, and deeply rounded. After the first two or three, which have inter- 
vals of 4 and 3 brachials, the ramules occur on every second plate throughout 
the rays, to the number of over sixteen before disappearing. Otherwise as in 
W. thiemei. Height of crown (allowing for foreshortening by pressure), 85 
mm.; width, 46 mm.; diameter of base, 13 mm.; of column, 11 mm. 


The detached base shown by Plate XLIV, figures 7a-c, has been in my collection for about 
forty years along with numerous specimens of WW. thiemei, but labelled as a probable new 
species on account of its size so entirely out of proportion to that of other known specimens. 
Finally however, this was confirmed by the discovery of the remarkably perfect specimen 
which furnishes all the other characters. It is somewhat crushed at the base, otherwise the 
crown would appear longer. In its rounded rays and almost complete obliteration of nodes 
and angularities it differs markedly from all specimens of W. thiemei, as it does also in the 
profuse development of interbrachials, which produces a separation of the rays and their 
divisions different from that seen even in the specimens of that species having interbrachials. 
No other specimens have been found. 

The magnificent specimen illustrated by figure 6 on Plate XLIV was found by Mrs. Bern- 
hardina Wachsmuth, widow of my early associate for whom the genus is named; a noble 
woman, to whose memory I esteem it a privilege to dedicate this fine species. 

Type. Author’s collection. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone; Burlington, 
Iowa. 
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Wachsmuthicrinus iowensis n. sp. 


Plate XLIV, fig. 8 


Similar to W. thiemet, but with rays and their divisions strongly divergent, 
and numerous interbrachials, beginning with a very large one resting on the 
shoulders of the radials. The rays are angular below, with small nodes on the 
lower brachials, and rounded without nodes above. Ramules about every third 
brachial. There is but a single specimen, considerably flattened in a vertical 
direction by pressure, which may increase the apparent divergence of the rays. 


I have hesitated to propose a new species upon this single and somewhat unsatisfactory 
specimen, and if it belonged to the same horizon as those of W. theimei I should regard it 
as merely a further extension of the variations of that species. But it occurs in the Upper 
Burlington beds, associated with Dorycrinus missouriensis and other characteristic fossils ; 
and very few species are known to pass unchanged from the Lower beds to this horizon. 
This fact would indicate that the increase in size and number of interbrachial plates, and con- 
sequent greater spreading of the crown, had probably become a fixed character. I should 
-expect that other specimens, if ever found, would confirm the separation. This is the latest 
occurrence of the genus, and it must have been almost extinct, as no other specimen has ever 
been found from the Upper beds in all the collections made at Burlington during half a 
century. 

Type. Author’s collection. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone; Burlington, 
Towa. 


Wachsmuthicrinus ponderosus n. sp. 
Plate XLIV, figs. Qa-c 


A large species. Crown elongate, with rays in close contact above iBr. 
Interbrachials well developed as high as the third axil. Rays and their divisions 
rounded ; the outer one largest. Ramules very large, branching again, approach- 
ing the main ramus in size at about the third bifurcation, and probably extend- 
ing to its full length. Sutures sinuous, surface of rays finely pustulose. Crown, 
45 mm. high, and about 38 mm. wide at the second bifurcation. 


The imperfect condition of the specimen precludes a more detailed description. The 
entire calyx is exfoliated below the I]Br, and the suture lines are traced with some difficulty 
on the surface of the internal cast. So far as can be ascertained the crown is perfectly sym- 
metrical, with a series of three or four interbrachial plates in the primary axil, and others in 
the second and third, and without any differentiation of the anal side. The base cannot be 
made out. If this interpretation is correct the form must fall within this genus as a variant 
in the matter of large ramules, somewhat like D. tardus in Dactylocrinus; it is of special 
interest as the first indication of the genus outside of America. 

Type. British Museum, No. 75696. 

Horizon and locality. Lower Carboniferous ; Jedburgh, Scotland. 
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SYNEROCRINUS Jackel 
Plates XLII; LXXY, figs. 12, 13 


Synerocrinus Jaekel, Zeitschr. d. deutsch. geol. Gesell., XLIX, for 1897 [1808], p. 47——Bather, Rep. Brit- 
ish Assoc. for 1808 [1899], p. 923; Treatise on Zoology (Lankester), pt. 3, 1900, p. 190.—Springer, 
Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1906, p. 519.—Von Zittel, Grundziige 
Palaeontologie, 1910, p. 166.—Zittel-Eastman, Textbook Paleontology, 1913, p. 205. 
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Fic. 44. Synerocrinus 


Ichthyocrinidae with rays above radials separated in lower part by solid 
plates. Crown elongate to rotund, expanding from radials up. Infrabasals 
entirely within the ring of basals. No radianal. Anal x united by suture to 
posterior basal, and more or less to adjacent brachials, followed by a tube. 
Interbrachials few; rays usually meeting above them, but not interlocking. 
Primibrachs two. Arms heterotomous; rays in twenty main divisions with 
simple ramules inside of dichotom. Column large, enlarging proximally. 

Genotype. Forbesiocrinus incurvus Trautschold. 

Distribution. Upper part of Lower Carboniferous; Russia and Scotland. 


Considered with regard to the characters on which family distinction is based, Synero- 
crinus stands on the border line between the Taxocrinidae and the Ichthyocrinidae. The anal 
structure is essentially that of a tube bordered by perisome, but this tube does not exactly 
originate on the posterior basal ; and therefore the genus may be held within its family with- 
out stretching the definition to the breaking point. Superficially the anal side of the specimen 
looks like that of a Taxocrinoid (Pl. XLH, fig. 6a), but the instructive dissection in figure 8a 
shows that the actual structure is essentially different. The posterior basal does not directly 
support the tube, but is suturally united to another plate which does; and this plate is also 
suturally united for part of its height to plates of the adjacent rays at both sides. The fossae 
on the distal face of the posterior basal and the side of the left radial are clearly shown in 
figure 8a, and the exact relation of the first anal plate to the others may be seen in the sketch 
of these parts, figure 7, where the tube is drawn without the perisome, which would doubtless 
appear in perfect specimens. The inner margins of the rays above the sutures connecting 
them with the first anal plate are rounded just as in the Taxocrinoids, but the posterior basal 
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and a part of the adjoining plates are not. Thus the genus will fall beyond the limits of the 
Taxocrinidae, but by a very small margin. Upon other grounds its affinities with the Ichthyo- 
crinidae are so evident as to require little discussion. A glance at figure 4b shows that the base 
is fundamentally that of the family, and the arm structure is that of the heterotomous section 
of it. But for the modification of the anal series to a tube instead of suturally attached plates, 
there would be nothing to distinguish this genus from Dactylocrinus, of which it may be 
regarded as a successor. Its geological position is in the upper part of the Lower Carbonifer- 
ous; the Moscow limestone and the Hurlet bed of Scotland, which furnish its only species, 
may be correlated with the latest division of the American Lower Carboniferous, the crinoidal 
fauna being nearer to that of our Kaskaskia than to any other. 

Being thus one of the last survivors of the Sagenocrinidae, the strongly Taxocrinoid 
character of its anal structure may be interpreted as a degenerative feature, with a tendency 
to return to the primitive weak anal side. An analogous tendency to weakening of the anal 
side may be seen in Amphicrinus. 

The fortunate acquisition of a partially disintegrated specimen enables me to throw new 
light upon the more detailed structures of this form, especially of the tegmen, which is pre- 
served in a somewhat disturbed condition (Pl. XLII, figs. 8a-c). The most striking -feature 
is the beautiful preservation of the posterior oral, the madreporic nature of which appears 
in the principal figure 8, but in greater detail in figure 80, which is a direct photographic 
enlargement, accurate to the smallest pore. The calcareous substance of these plates is as 
perfect as when deposited, white in color, and unchanged by chemical action or contact with 
the matrix. This posterior oral is very much larger than the others, two of which are pre- 
served ; they were evidently substantially similar to the orals of Taxocrinus intermedius. 

It is rather remarkable that while the perisome is perfectly preserved, although consid- 
erably displaced, I have been unable positively to identify any ambulacra ; in one or two places 
there is a semblance of alternate arrangement of plates, but nothing so well defined as those 
found in Taxocrinus and Onychocrinus. Even in the arms where the perisome is intact there 
are no covering plates, but it seems to form a roof for some small longitudinal grooves 
(fig. 5b). Some interesting details of articulation and sutural union are shown among the 
figures. The fossae in general are of the interrupted character found in Forbestocrinus 
agassizi; but there was room for large masses of ligaments. 

The genus Synerocrinus was proposed by Jaekel solely on the basis of its heterotomous 
arm structure, with Forbesiocrinus incurvus as the type and only species. 


Synerocrinus incurvus (Trautschold) 


Plates XLII, figs. 1-9; LX XV, figs. 12, 13 


Forbesiocrinus mcurvus Trautschold, Bull. Soc. Imp. Moscow, XL (No. 3), 1867, p. 31, pl. 4, figs. 4, 5a-b, 
and text diag.; Kalkbr. von Mjatschkowa, 1879, p. 126, pl. 14, fig. 11, pl. 15, fig. 3. 

Taxocrinus incurvus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 48. 

Synerocrinus incurvus, Jaekel, Zeitschr. d. deutsch. geol. Gesell. xlix, for 1897 [1898], p. 47——Bather, 
Treatise on Zoology (Lankester), pt. 3, 1900, p. 190, fig. III. 

Encrinites stoloniferus, Fischer de Waldheim, Oryctogr. Gouv. Moscou, tst Ed., 1830, pl. 41, figs. 1, 2. 

Encrinites moniliformis, Fischer de Waldheim (in part), Oryctogr. Gouv. Moscou, 2d Ed., 1837, p. 151, 
pl. 41, figs. 1, 2 (stoloniferus on plate). 


Type of the genus. 

A large species. Crown elongate, rounded below from column facet, ex- 
panding upward; widest about I] Brs, where average height to width is 1 to 1.4; 
spread of calyx from base, 1 to 2.6. Cross-section obtusely quinquelobate; side 
outline strongly curved. Base indented, with a very shallow depression entirely 
filled by the upper columnal. Surface smooth. Medium-sized crown 42 mm. 
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high by 36 mm. wide; diameter of base at perimeter of column 10 mm.; of 
column at a distance of 11 mm., below 6 mm. Maximum specimen: crown, 
70 mm. high, 43 mm. wide; base, 17 mm. 

IBB smal), less than half the diameter of column facet, entirely within ring 
of BB. BB extending as pentagons beyond the column; post. B rising nearly 
to height of radials, truncate, followed by one anal plate suturally joined to it, 
and to a greater or less extent to RR and IBri; this is followed by a vertical 
series forming the back of atube. iBr 3 to 5 or 6 of about equal size, narrowing 
to an apex, with rays meeting above; il] Br 1 to 3, with inner branches of rays 
meeting above them. RR and [Br of about equal size; [1 Br usually 3, increasing 
in width upward: Raysand their divisions rounded; rami about equal. Ramules 
large, usually on every third brachial, sometimes second or fourth; the first 
ramule considerably the largest. Column large, expanding near the calyx, 
covering the inner half of the basals, and extending the full width of the base; 
upper columnals thin, there being 25 of them in a length of 10 mm., within 
which distance they diminish nearly one-half in diameter ; beyond this the column 
is cylindrical. 


This fine species was described by Trautschold in 1867 under the name Forbesiocrinus 
incurvus, with good figures of characteristic specimens, and a text diagram; and in 1879 
he gave a new description arid a new photographic figure of one of his types, together with 
figures of another much larger specimen. A specimen apparently of the same species was 
figured by Fischer de Waldheim in the second edition of his Oryctographia, 1837, under the 
name Encrinites moniliformis. In the first edition, 1830, the same figures were listed as 
Encrinites stoloniferus. As there was no pretense of describing a new species, and the 
figures did not bring out intelligibly the essential characters of the form, I see no reason for 
withholding from Trautschold his well-earned priority. 

The present description and discussion of the genus are based upon a series of six good 
specimens in my own collection, and a set of excellent casts of the specimens in the University 
of Moscow most obligingly prepared for me by Professor A. P. Pavlow, Director of the 
Geological and Paleontological Museum. Among all these, and some that I have seen else- 
where, only one shows the exact character of the base (Pl. XLII, fig. 4b), although having 
once understood it I can recognize the same structure in Fischer de Waldheim’s figure 2. On 
account of the great width and thinness of the upper columnals they did not readily separate 
from the base, which in broken specimens tended to pull off with them. 

Among the crinoids found by Mr. James Wright, Jr., in the Hurlet limestone of central 
Scotland, further mentioned under Amphicrinus, are four specimens of Synerocrinus; one is 
of large size, similar to those of figures 4 and 5a, and another, from a somewhat lower bed, 
smaller like 6a. I have figured these two on Plate LX XV, figures 12, 13, from which it can 
be seen that they are unmistakably of this genus; and in the form and proportions of the 
crown and the characters of the strong heterotomous rays I can find nothing to distinguish 
them from the Russian species. 

Types. Trautschold’s originals are in the Mineralogical Museum of Breslau, Germany. 
The other Russian specimens figured are in the author’s collection, and those from Scotland 
are in the collection of James Wright, Jr., Kirkcaldy, Scotland. 

Horizon and locality. Upper part of Lower Carboniferous, associated with Eupachycri- 
nus, Cromyocrinus, Stemmatocrinus, Phialocrinus, etc., comparable to the Kaskaskia of 
America. Near Moscow, Russia; Roscobie and Ardross, Scotland. 
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AMPHICRINUS Springer 
Plates XL, figs. 9-11; LX, figs. 12a, b 


Amphicrinus Springer, Jour. Geology, XIV, 1906, p. 518; (Springer MS.), Wright, Trans. Edinburgh 
Geol. Soc., X, pt. 2, 1914, p. 161.—Zittel-Eastman, Textbook Paleontology, 1913, p. 205. 


Fic. 45. Amphicrinus 


Ichthyocrinidae with rays above radials partly separated by solid plates, 
arched over by brachials. Crown ovoid to subglobose, expanding from radials 
up. Infrabasals entirely within the ring of basals, sometimes resorbed. No 
radianal. Anal « followed by others ina single row. Interbrachials numerous, 
in more than one row. Primibrachs two. Arms isotomous, interlocking. 
Column large, covering infrabasals and part or all of basals. 

Genotype. Amphicrinus scoticus Springer. 

Distribution. Upper part of Lower Carboniferous to Lower Coal Meas- 
ures; Scotland and the United States. The latest known genus. 


This genus was proposed by me to receive certain specimens from the British Carbonifer- 
ous which could not be placed under any other genus previously described. It bears a general 
resemblance to the Forbesiocrinus type, having the anal and interbrachial areas filled with 
solid plates, although differing in the complete arching over of these plates by the abutting 
rays and their lower divisions ; but it is remarkable for having, contrary to the rule in the 
crinoids generally, the anal interradius smaller than those of the regular areas—a character 
which distinguishes it readily from all other of this family. In the type and only well-known 
species each regular interradius has two vertical columns of large plates resting upon the 
first interbrachial, and extending for five or six ranges; while the anal interradius has but a 
single series of such plates. Its family position is determined by the remarkably small size 
of the basal circlet, which is usually much less than that of the column facet, and by the 
tendency to resorption and sometimes to complete disappearance of the infrabasals. 

In the latter respect it exhibits the tendency of the family to the fullest extreme. Figure 
10 of Plate XL shows the infrabasals partially resorbed, fitting accurately within the ring 
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of basals and meeting them by their inner edges; while in figure 9 they have completely dis- 
appeared, not by being pulled off with the stem as in Forbesiocrinus, but by atrophy as a 
morphological feature in that specimen—just as they do in the Recent species Endoxocrinus 
parrae—and the space they should have occupied is partly represented by the large lumen of 
the axial canal. 

A curious degenerate tendency appears in the anal interradius, where the lower plate is 
wanting in most of the specimens. 

In the basal structures and general habitus the genus is similar to Euryocrinus, but 
differs from it in the relative development of the anal side, and in having only two primibrachs 
instead of three. On the latter character alone it might be held to be a variant, as in the case 
of Forbesiocrinus agassizi; but the interbrachial structure strongly differentiates it, and this 
correlation of characters is the fundamental ground for the generic separation which I made. 

The type species is from the Hurlet limestone of the Lower Carboniferous of Scotland, 
a different and much later horizon than that of Ewryocrinus concavus and E. rofei, and sub- 
stantially equivalent to the American Kaskaskia. Until recently but few specimens have been 
found, and it is rather curious that this hitherto unnoticed fossil should be one of those most 
prominently figured by David Ure in 1793. A second species has been discovered in the 
Lower Coal Measures (Pennsylvanian) of America, which makes this genus the latest known 
survivor of the Flexibilia. 


Ampbhicrinus scoticus n. sp. 
Plate XL, figs. 9-11 


Amphicrinus scoticus Springer MS., Wright, Trans. Edinburgh Geol. Soc., X, pt. 2, 1914, p. 161, pl. 10, 
figs. 3, 4. 

Encrinus, Ure, History of Rutherglen, 1793, p. 325, pl. 18, figs. 13, 16. 

Forbesiocrinus spp. Wright, Trans. Edinburgh Geol. Sec., X, pt. 1, 1912, pp. 49-60, pl. 5, fig. 8, pl. 6, 
HS hy Bh WL Fh ial Ue 

? Euryocrinus sp. Wright, Trans. Edinburgh Geol. Soc., X, pt. 1, 1912, pl. 7, fig. 3. 


Type of the genus. 

Specimens above medium size. Crown rotund, higher than wide; with 
small base, and closely abutting, infolding rays. Surface smooth. Greatest 
width of average specimen at I]]Brs, about 35 mm.; height 40 mm.; spread of 
calyx from base to top of iBr, about 1 to 3.5. 

Base very shallow, and broadly expanding to above the second ray division. 
IBB very small, lying entirely within BB, sometimes partly or wholly resorbed. 
Post. B more than twice as large as the others, and rising far above their level; 
the other four small, usually covered by the column, exceptionally visible as 
small triangles outside the column facet. RR small, only partly visible beyona 
the column, the two posterior ones smaller than the others. IBr 2, larger than 
RR, somewhat widening upward; the next two orders of brachials fully as large. 
Il Br 3, increasing in width upwards; III/Br 5 or 6. Arms flat, and following 
the general curvature; interlocking closely above iBr and il1 Br by zig-zag lines, 
and infolding at about the fifth order of brachials. Sutures arcuate, more 
strongly marked in distal parts of rays. Post. B truncate, followed by a single 
diminishing series of plates smaller than one of the two columns of inter- 
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brachials; anal + often defective or wanting. First iBr larger than the anal, 
angular above, supporting two rows of large plates in 5 or 6 ranges; il Br pres- 
ent, and in mature specimens they occur in similar double rows. Column facet 
very large, sharply and deeply indented, double the usual diameter of the basal 
circlet excepting the posterior basal, and involving about half the radials ; column 
composed near the calyx of thin ossicles, diminishing in diameter downward. 


This species is founded upon two specimens in the British Museum, Nos. E7422 and 
E640, from the Lower Carboniferous at Roscobie, Fifeshire, Scotland, which I have been 
permitted by the authorities of that Institution to figure and describe. Both are vertically 
compressed, so that the shallowness of the base is exaggerated. In the principal specimen 
(Pl. XL, figs. 9a, b, c) enough of the infolded arms is preserved lying over the top to give a 
definite impression of their character. The other one (fig. 10) is evidently a mature individual 
in which the intersecundibrachs are developed into a double series proportionally as large 
as the interbrachials. A noteworthy feature of the species is the unequal size of the, radials, 
the two posterior ones being much reduced by encroachment of the very large posterior basal, 
somewhat as in Parichthyocrinus ; the relatively enormous size of this plate is quite remarkable, 
when we consider the disproportionate smallness of the posterior area as a whole. 

These two specimens are of somewhat peculiar interest, bearing upon the relation between 
the presence or absence of infrabasals and the orientation of the axial canal. In figure 10 the 
infrabasals are small but distinct, and are considerably encroached upon by the axial canal, 
which is stellate, and its angles are directed interradially ; the same condition exists in another 
specimen in the British Museum, not figured, having only base and radials preserved. In 
figure 9b, however, and two other specimens since discovered, infrabasals have been entirely 
resorbed, and the axial canal cutting the edge of the basals is almost radial in position, follow- 
ing partly the interbasal sutures, and partly the edges of the plates. This is the nearest 
approach that I know of to a change from a dicyclic to a monocyclic base, accompanied by a 
corresponding change in orientation of the axial canal. 

I have figured another specimen from Lesmahagow, Scotland, belonging to Mr. R. 
Dunlap, in the hands of Dr. Bather to whose courtesy I am indebted for the opportunity to 
examine it; this gives a better idea of the general appearance of this form than the others 
(Pl. XL, figs. 11a, b). One side of the crown is well preserved as far as the infolding of the 
arms, but unfortunately the anal interradius above the basal is not visible. The flat surface, 
and the close interlocking of the rays and their divisions above the interbrachial spaces, are 
well shown in this specimen. 

Attention must be called to some interesting specimens clearly belonging to this species 
figured by Ure in his History of Rutherglen, 1793, plate 18, figures 13, 16 ;—one showing the 
arms complete from the secundibrachs up, and another a detached base. The figure of the 
latter does not indicate the posterior basal, but with the scant knowledge of these forms 
existing at that time it may easily have been ignored in the drawing. The large column over- 
lapping the radials is entirely characteristic. Ure’s account of the first specimen is as follows, 
page 325: “ Figure 13, Plate XVIII, represents a fragment of Encrinus, the supposed head 
of the entrochi. The specimen from which it was taken was found, along with entrochi, 
shells, etc., in till incumbent on limestone at Hermayers, and it is the only one of the kind. 
The pieces of which it is composed are joined to one another by suture.” 

After the foregoing description was written Mr. James Wright, Jr., of Kirkcaldy, Scot- 
land, published figures of several specimens of this form under the name Forbesiocrinus, 
without description or specific name. Later on he most courteously sent me for examination 
his entire collection of Flexibilia, found quite recently at Roscobie and Inverteil, Fifeshire, 
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Scotland, which proved to be of the greatest interest. Among them are no less than twenty 
specimens of this species, and they confirm in a most satisfactory way the validity of the 
characters upon which the genus was founded. The doubling of the interbrachial series in 
the regular areas, contrasted with the single series in the anal area, is constant throughout 
except in a single interradius. 

There is a peculiar tendency to infirmity at the anal side, where the anal » frequently 
appears sunken or as if gone altogether, but with the succeeding plates in the series perfectly 
solid and normal. This condition is seen in figures 9a, b, of Plate XL, and exists also in the 
original of figures 11a, b; 8 out of 12 of the new specimens preserving these parts show it in 
the same way, while four appear to have all plates of the anal series intact. Such a pre- 
ponderance of specimens with the anal side so affected would seem to indicate a morphological 
change having some relation to the diminished size of that interradius characteristic of the 
genus. 

This malformation of the anal area is not quite characteristically shown on Plate XL, 
figures ga, b, where it appears as 1f the missing plates might have been accidentally broken out. 
In all the other specimens the margin of the sunken area is distinctly rounded, showing that 
for some unknown cause it had grown that way. Indeed it somewhat resembles the lower part 
of the posterior area in Taxocrinus, but there is no sign of any tube, and some plates firmly 
united to the rays at both sides are always found in the upper part. As this is the latest known 
genus of the suborder with the strong anal side, we may have here a case of degeneration 
tending toward a return to the primitive weak anal side, analogous to that of Synerocrinus. 

It has been suggested that these depressions may be caused by parasitic shells, like those 
made by Eulima upon the calyx of Ptilocrinus, but they are scarcely regular enough in shape 
for that. 

The tendency to resorption of the infrabasals is also remarkably shown by the new 
material—these plates being wholly resorbed in three specimens, partially so in nine; while in 
four others they remain intact. In each case where complete resorption has occurred, the 
axial canal is nearly or quite radial. 

The above-mentioned fossils in Mr. Wright’s collection are associated with a remarkable 
and hitherto undescribed crinoidal fauna, of which a very clear account, with photographic 
figures but without specific descriptions, is given in his papers (Trans. Edinburgh Geol. Soc., 
vol. 10, pt. 1, 1912; pt. 2, 1914). The fauna occurs in the Hurlet formation, a series of alter- 
nating sandstones, shales and limestones covering upward of one thousand square miles in 
Scotland ; it represents the top of the British Lower Carboniferous limestone series passing 
gradually into Coal Measures. Among the other genera comprising this fauna are Hydre- 
ionocrinus, Cromyocrinus, Zeacrinus of the true Z. wortheni type, and Synerocrinus. This 
assemblage of crinoid forms at once suggests the equivalency of this horizon with that of the 
Russian Bergkalk near Moscow. It is also directly comparable with the Kaskaskia of the 
American Lower Carboniferous, with which its stratigraphic position preceding the Coal 
Measures precisely agrees. 

Types. British Museum of Natural History, London, Nos. E7422, E64o. The original 
of figures 11a, b, is in the collection of Mr. E. Dunlop, of Baillieston, Scotland, now in the 
Carnegie Trust Museum, Dunfermline. 

Horizon and locality. Upper part of Lower Carboniferous, comparable to the Bergkalk 
formation near Moscow, Russia, and to the Kaskaskia of America. Invertiel, Roscobie, 
Lesmahagow, and Rutherglen, Scotland. 
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Amphicrinus carbonarius n. sp. 
Plate LX, figs. 12a, b 


I have figured under this name an imperfect specimen, which is of special interest as 
being the latest known survivor of the Flexibilia as now limited by me to the Impinnata. It is 
derived from the Lower Coal Measures (Pennsylvanian) at Girard, Kansas, and has been 
lying in my collection for many years without a name, because the parts preserved are not 
sufficient to determine its generic characters. It is of an extremely flexible type, having broad 
and shallow ligament fossae somewhat like those of Forbesiocrinus, which it also resembles 
in the relative thinness of the lower plates. The only previously described genera approxi- 
mating its geological position ‘to which it might possibly belong are Forbesiocrinus and 
Parichthyocrinus, and I arranged it on the plate with the latter purely on the ground of 
superficial resemblance, as the lack of knowledge of the anal structures precluded any deci- 
sive comparison. Both of these genera, so far as known, ended with the Keokuk, and from 
there to the Coal Measures seemed a long leap without any vestige of these forms among 
the abundant collections from the intervening Kaskaskia. The subsequent discovery of 
Amphicrinus from the British rocks, in a horizon substantially equivalent to the Kaskaskia, 
suggested a new possibility, and the study of Mr. Wright’s series of specimens leaves no 
doubt that the Kansas fossil belongs to the same genus. This determination fits the case 
beautifully upon stratigraphic grounds, as the Hurlet limestone shades into the Coal Meas- 
ures ; and it is to be hoped that some of our collectors in the Pennsylvanian area may find a 
complete specimen by which it may be confirmed. 

Of specific characters not much can be said, the narrow and rather angular distal arm 
branches of the present form being the only one noticeable. The specimen occurred in a 
thin layer of shale, where it was vertically crushed to a flattened mass, of which the dis- 
integrated remnants of the calyx minus the base and primibrachs constitute one side, and the 
infolded arms, fairly intact, the other. From what is preserved of the distal portion of the 
rays (Pl. LX, fig. 12b), the arms appear to be rather short, tapering to thin, sharp-backed 
finials ; they are closely abutting, with a somewhat unequal branching toward the end. The 
lowest bifurcation seen in this view is evidently the third, so that the scattered calyx-plates 
lying upon the opposite side (fig. 12a) are probably chiefly secundibrachs. The lateral faces 
of these show very plainly the strong ligament fossae for attachment of interbrachials, and 
several such plates can be recognized. These are all below the level of the tertibrachs, and 
it is clearly evident that the rays, and perhaps in part their first divisions, abutted closely 
above them. The sutures in the visible parts of the rays are strongly arcuate. 

Type. In the author’s collection. 

Horizon and locality. Lower Coal Measures, Pennsylvanian; Girard, Kansas. 
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Suborder TAXOCRINOIDEA 


Family TAXOCRINIDAE Wachsmuth emend. Springer 


TAXOCRINOIDEA WITH POSTERIOR INTERRADIUS ALWAYS DIFFERENTIATED AND OCCUPIED BY 
ANAL PLATES IN A TUBE-LIKE SERIES, NONE OF WHICH ARE INCORPORATED IN THE CALYX. 
ALL ANAL PLATES FROM POSTERIOR BASAL UP SEPARATED BY PERISOME FROM ADJACENT 
BRACHIALS AT ONE OR BOTH SIDES. DISTAL FACE OF POSTERIOR BASAL NOT SUTURALLY 
CONNECTED WITH ANAL PLATE. RAYS ABOVE RADIALS PARTLY OR WHOLLY SEPARATED ALL 
AROUND. CROWN USUALLY ELONGATE, 


Analysis of the Genera 


I. RA in lower positions. 
Arms dichotomous. 
Rays wholly separated by iBr or perisome. 
RA in form of R, under r. post. R. 


iBr few. IBY 2s tinsde neueioenceutaetroe PROTAXOCRINUS. 
RA rhombic, obliquely to lower left of r. post. R. 
iBr few. IBye 2B Or Boccocc is Shaironickote GNORIMOCRINUS. 


Il. RA, if present, only in upper oblique position. 
Arms dichotomous. 
Rays wholly separated by iBr or perisome. 


iBr variable, usually few. RBr 2h. oa.intccee Mehra EUTAXOCRINUS. 
iBr frequently numerous. UB te aie Wa dale ohuincamae rane TAXOCRINUS. 
Rays abutting above iBr. LBB eso areyenevieene recon PARICHTHYOCRINUS. 


Arms heterotomous. 
10 main trunks with ramules. TBry3) to: (Gu wend ceneh orm ene: ONYCHOCRINUS. 
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This is the sole family of the suborder Taxocrinidae, and its chief charac- 
ter is the weak calyx with anal tube originating on the posterior basal, as fully 
explained in the chapter on Classification. Associated with this character is the 
usually elongate crown, of which the rays are always partly or wholly separated 
above the radials by interbrachial plates or perisome; and the arms are usually 
more or less divergent. There is no genus of this family with completely inter- 
locking rays such as are found in the Lecanocrinidae and Ichthyocrinidae, and 
only one, Parichthyocrinus, in which they abut or interlock at all. That genus 
has a decidedly different facies from the others of the family, and upon the 
ground of superficial resemblance might well have been placed among the 
Ichthyocrinidae, towards which it also tends in the frequently reduced size of 
the infrabasals. It is an intermediate type, and belongs among the Taxocrinidae 
as now understood because its first anal plate is a part of the tube, and not of 
the calyx wall. The large size of the radials will distinguish it from any of the 
Ichthyocrinidae. 

The infrabasals in this family are about as in the Sagenocrinidae, with 
occasional reduction in size to such a degree that they do not appear beyond 
the column. The posterior basal throughout is elongated much beyond the size 
of its fellows, forming the support of the more or less symmetrically placed anal 
tube. Along with the anal tube the two earlier forms of radianal are found in 
the pre-Devonian genera; and its migration to a higher position, if that is what 
occurred, or its complete elimination, is strongly illustrated in the Devonian and 
Carboniferous genera. There is of course no room here for forms without any 
anal plate. In the brachial system there is a very regular progressive develop- 
ment from two primibrachs in the Ordovician and Silurian to three or more in 
the Carboniferous. The change took place in the Devonian, where both forms 
occurred with occasional variability within the same species. 

The Taxocrinidae were the earliest of the Flexibilia in time, beginning in 
the Ordovician with Protaxocrinus, which stands in very close relation to cer- 
tain Inadunate forms of that age. The family is represented in the Silurian 
by three genera, and in the Devonian by three, two of which pass into the Car- 
boniferous; but it is preéminently a Carboniferous type, culminating in the 
strong genus Tavocrinus and the highly specialized Onychocrinus, both of 
which continued with numerous species until the close of the Lower Car- 
boniferous. 

All of the genera, with the exception of Parichthyocrinus, are common to 
both Europe and America. 
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Geological and Geographical Distribution 


Number of known species 


(Open figures indicate American, those marked ( ) European) 
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PROTAXOCRINUS Springer 
| ates SALA. SALI 


Protaxocrinus Springer, Jour. Geol., XIV, 1906, pp. 515, 519.—Zittel-Eastman, Textbook Paleontology, 
1913, p. 205. 

Lecanocrinus, Billings (not Hall), Geol. Surv. Canada (Can. Organ. Remains), Decade IV, 18509, p. 46. 

Taxocrinus, Angelin (in part), Icon. Crin. Sueciae, 1878, p. 8. 

Taxocrinus (Gnorimocrinus) Wachsmuth and Springer (in part), Revision Paleocrinoidea, pt. 1, 1879, 
p. 50. 


Fic. 46. Protaxocrinus 


- Taxocrinidae with rays usually not abutting over interbrachials. Crown 
elongate. Infrabasals low, taking small part in calyx wall. Posterior basal 
elongate. Radianal in primitive position as infer-radial directly under right. 
posterior radial. Anal tube-plates tending to sutural connection with right pos- 
terior ray. Interbrachials few, or wanting; lower part of interbrachial areas 
occupied by plates, or perisome, sometimes not appearing externally. Primi- 
brachs two. Arms dichotomous, divergent. Column slightly enlarging next 
to calyx. 

Genotype. Taxocrinus ovalis Angelin. 
Distribution. Ordovician, Silurian and Devonian; Gotland, the United 
States, and Canada. 


This genus includes the earliest known forms of the Crinoidea Flexibilia. It was pro- 
posed by me in 1906 to receive those species with the most primitive anal structure—that is, 
the radianal in form of a radial at the base of the right posterior ray ; among them are several 
of Angelin’s Taxocrint which Wachsmuth and Springer had separated under Gnorimocrinus. 
At that time I was not fully aware of the structure of Billings’s species Lecanocrinus elegans 
and L. laevis, which are now seen to belong here and which carry the genus back to the 
early Ordovician. Here we have in these two species, when compared with the Inadunate 
genus Cupulocrinus from the same horizon and locality, a fairly close approach to the point 
of divergence of the Flexibilia from the Inadunates, as already discussed. They show a 
marked difference in habitus from the Silurian species in the condition of the infrabasals, 
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which are often large, erect, and form part of the calyx wall; this also represents a more 
primitive stage, judging by analogy from the development of the basals in the existing 
crinoids. The position of the radianal is a thoroughly diagnostic character, by which the 
genus is sharply differentiated as a homogeneous unit. In addition to Gotland, the genus 
has now been found in five localities in America, two in the Ordovician, two in the Silurian, 
and one in the earliest Devonian. Eight species are recognized, which may be arranged as 
follows: 
THE SPECIES OF PROTAXOCRINUS 


I. Br with smooth lateral margins. 
IBB large and erect. 


Br angular at dorsal side. 
Mesa neo GoUcaUoOnG CMM ORR OHOd Sob Coos Une Good by o8! P. elegans. 


Br evenly rounded. 
Br short and wide. 


Crown rather robust. Anal tube strong. 
DPT a3\on 4s exceptionallyach same eeer ter ciorrreri cies P. laevis 


Br more elongate. 
Crown slender. Anal tube narrow. 


Bron Omexceptionalliy7 hence eect eee P. girardeau 
IBB low usually slightly exposed beyond column. 
IIBr 3. 
Br evenly rounded. 
NGOS INGAAy, TOSI Wile. coccaacoonoecoooebsocdnDo0Kse0006 P. robustus. 
Ncmspmoneslendermtapenin cmrapidlyenmnrr ieee P. virginiensis. 


II. Br with angular buttresses at lateral margins. 
Lateral margins sharply angular. 
Arms ornamented with longitudinal ridges. 


DBE Aro rtmoOre his sie ae eee elere soe dere ie teactere orauete recess P. interbrachiatus. 
Arms smooth. 
BBG Als aie sieevelisthitiesareen Ace tsie veers Sete at ates eRe are ooh ee P. ovalis. 
Lateral margins but slightly angular or smooth. 
Arms ornamented with small nodes. x 
TEP 2 ha acta hia gc ate SES RS ena capa ep chine av oreec meee nee P. salteri. 


Protaxocrinus elegans (Billings) 
IaHie ZO, jG, 7 


Lecanocrinus elegans Billings, Rep. Geol. Sury. Canada, 1853-56 [1857], p. 278; Geol. Surv. Canada (Can. 
Organ. Remains), Decade IV, 1850, p. 47, pl. 4, figs. 4a, b. 

Taxocrinus elegans, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, pp. 144, 201; 
Springer, Jour. Geology, XIV, 1906, p. 487. 

Protaxocrinus elegans, Springer, Geol. Surv. Canada, Mem. No. 15P, 1011, p. II. 


A relatively large species. Crown elongate, with long, slender arms, widest 
about the upper I[Br. Rays prominent, angular at dorsal side, with lateral 
margins straight. iBr areas depressed. Calyx narrow, height to width at IAx, 
1.6 to 1; height to width of crown, 5 to 1; spread of calyx from base, I to 2.3. 
Surface smooth. Base flush with column facet. Dimensions of type and only 
known specimen ; height of crown to infolding arms, 35 mm.; width at IAx, 7; 
width at base, 3; height of calyx to top of iBr, 11 mm. 
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IBB large, erect, forming part of calyx wall. BB the largest plates in 
calyx. RR and succeeding Br sharply arched and angular, becoming more 
rounded above, and somewhat flattened distally ; height to width of IBr, 3 to 2.5. 
iBr one, large, followed by two small plates, and others above tapering to a point 
above which the rays meet closely as far as the IIJBr. NoillBr. [Br 5, about 
as wide as long, with straight sutures. Higher brachials to third bifurcation 
wider than long, the sutures becoming sharply arcuate distally. Column at base 
of calyx as large as infrabasal disk, diminishing distally, and columnals gradu- 
ally increasing in length. Anal structures not disclosed by the specimen, but no 
doubt as in P. laevis. 


No specimen but the type has been found that is clearly referable to this species as above 
defined. All others similar to it found in Canada are smaller, and have been referred to 
P. laevis. A marked peculiarity in the original specimen is a distal flattening of the arms 
above the last bifurcation, with a sort of longitudinal depression which gives the arm at this 
point a superficial appearance of being biserial, or of having a median groove as on the 
ventral side. The latter interpretation was put upon it by Wachsmuth and Springer (Rev. 
Pal., pt. 3, p. 201), who considered it as a recurrent ambulacrum like that of Hybocystis, 
and this was thought to be present also in P. Jaevis. Careful examination of the type and 
eight other specimens of Jaevis fails to disclose any such structure as in the type of elegans. 
In the latter it-certainly has much the appearance of a recurrent ambulacral groove, as before 
supposed, but there is no trace of covering plates, or of the sockets for them. After com- 
parison with many specimens of Hybocystis in which ambulacra of that kind are well pre- 
served, I think this must be treated as merely a superficial resemblance due to the sharp 
median curvature of the sinuous sutures, combined with some flattening of the arms. 

The arms, though not fully preserved, apparently taper to fine distal ends as in P. laevis 
(Pl. XLV, fig. 4b), which is inconsistent with the idea of recurrent ambulacra as I have 
heretofore described and figured them (Geol. Surv. Canada, Mem. No. 15P, to11, pl. 2). 
However caused, this appearance may be a specific character of P. elegans. A marked 
character of the species is the large and erect infrabasals, which it shares with Jaevis, and in 
which it resembles the Lecanocrinidae division of the Sagenocrinoidea. The general out- 
line of the two species is also strongly similar to that of certain Dendrocrinidae. The type 
of P. elegans is much flattened, giving it a much broader appearance than the real form as 
shown by measurements from which the dimensions above given are taken. 

Type. Inthe Victoria Memorial Museum of the Geological Survey of Canada, Ottawa. 

Horizon and locality. Ordovician, Trenton limestone ; Ottawa, Canada. 
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Protaxocrinus laevis (Billings) 
Plate XLV, figs. 2-7 


Lecanocrinus laevis Billings, Rep. Geol. Surv. Canada, 1853-56 [1857], p. 278; Geol. Surv. Canada (Can. 
Organ. Remains), Decade IV, 1850, p. 47, pl. 4, fig. 3a. 

Taxocrinus laevis, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, pp. 144, 201.— 
Springer, Jour. Geology, XIV, 1906, p. 487. 

Protaxocrinus laevis, Springer, Geol. Surv. Canada, Mem. No. 15P, ro11, p. 11, pl. 3, figs. 10, 11a, b. 


In general form similar to P. elegans, but smaller and proportionally 
shorter and broader, with evenly rounded instead of angular brachials, and 
secundibrachs usually less than 5. Crown widest about the upper IJBr. A well- 
preserved specimen of nearly maximum size has the following dimensions: 
height of crown, 24 mm.; of calyx at top of [Ax, to mm.; width of calyx, 6 mm. ; 
of base, 2.3 mm. In addition to the characters shown by P. elegans, we now 
have those of the anal side. 

Posterior basal larger than others. RA of about the size, form and position 
of RR in other rays. Anal tube large, with a series of large plates rising from 
the right shoulder of the basal, suturally connected for some distance with the 
right posterior ray but entirely free at the left side, where the margin of the left 
posterior ray is smooth and rounded, and the large anal series is bordered by 
smaller plates passing into perisome. Rays branching three times, then infold- 
ing, with very long and slender finials coiling several times. Column about as 
in P. elegans, sometimes tapering but little. 


Billings in describing this species noted its similarity to P. elegans, and relied solely on 
the number of secundibrachs to separate them. This was plain enough in the type specimens, 
which were all he had of each species. Of P. laevis, however, I now have eight additional 
specimens, and they exhibit such variation in this character as to make it less definite than he 
supposed, although the preponderance is toward the smaller number in conformity with the 
generally shorter and broader habitus of the species. In 39 exposed rami of seven of these, 
the number of IIBr is 2 in 1 ramus; 3 in 6; 4 in 19; 5 in 13. In the eighth (PI. XLV, 
figs. 4a, b) there are 5 I1Br in 7 out of the 10 rami, and I was at first disposed to place it 
under P. elegans on that account. But it wholly lacks the dorsal angularity of the lower 
brachials, and even with its equal number of secundibrachs it is a shorter and broader form, 
the measurements above given being taken from it. 

These two species are the earliest known Flexibilia. Neither of the types showed the 
structure of the anal side, and their true characters have remained in doubt until recently, 
when several excellent specimens of P. Jaevis came to light showing the anal structure to be 
of the most primitive type. The close relation of these species to certain Inadunate forms 
has already been pointed out. 

Besides the type I have figured five specimens of various sizes from three localities, 
which show no material variation. 

Type. Inthe Victoria Memorial Museum of the Geological Survey of Canada, Ottawa. 
The other specimens figured are in the author’s collection. 

Horizon and locality. Ordovician, Trenton limestone; Ottawa and Kirkfield, Canada. 
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Protaxocrinus girardeau n. sp. 
Plate XLV, fig. 8 


A small species, having the habitus of P. laevis, from which it differs by 
only slight modifications. The calyx and arms are rather more slender, basals 
and brachials more elongate than in the typical form of that species, and it re- 
sembles the exceptional cases rather than the type in having mostly five I[Br. 
iBr few and small (perhaps only one) followed by perisome. Anal tube narrow 
and delicate. The column is exactly like that of P. elegans. Dimensions of 
largest specimen: height of crown, 17 mm.; of calyx at top of I[Ax, 9 mm.; 
width of calyx, 5 mm.;of base, 25 mm. 

When this species was proposed the specimen figured on Plate XLV, from the Girardeau 
limestone at Thebes, Illinois, was the only one known; since that time, and too late for 
figuring, a second specimen has been found from the same horizon in Missouri, which is in 
every way confirmatory of the type. The very close affinity of this Silurian form with the 
primitive species of the Trenton affords a striking illustration of the reappearance of types in 
these rocks after a long geological interval. The fact is well recognized that many scarcely 
distinguishable descendants of Trenton species which are entirely absent in the Cincinnatian 
appear in the succeeding formations, and that in the Richmond and Girardeau beds there is 
a recurrence of faunas consisting of species which find their nearest relatives, not in the 
immediately antecedent Maysville or Lorraine, but among the typical Trenton faunas. 

Type. In the author’s collection. 


Horizon and locality. Silurian, Girardeau limestone; Thebes, Illinois, and Cape 
Girardeau, Missouri. 


Protaxocrinus robustus n. sp. 
Plate XLV, figs. 9-11 

A robust species, with heavy arms tapering but little. Base expanding 
rather suddenly from column facet. Arms broadly and deeply rounded. Crown 
widest about I] Brs, where height to width is about 1.8 to 1; calyx at top of [Ax, 
1.1 to 1; spread from base, 1 to 3. Height of crown of maximum specimen, 21 
mm.; width, 12mm. Surface smooth. 

IBB low, often not exposed beyond the column. IBr increasing in width 
upward. II Br 3, without exception in three specimens. Lower Br with straight 
sutures, becoming slightly arcuate distally. iBr few and small. RA much 
smaller than RR in other rays. Anal series slender, not adhering to right pos- 
terior ray. Column facet as large as infrabasal ring. 

This Niagaran representative of the genus shows a constant difference from the Ordo- 
vician species in the lower IBB, and shorter, heavier rays. Three specimens of it were found 
at the same locality in Tennessee showing little variation; one of them, though small, being 
in very perfect condition. In the short, robust habitus this species is very close to P. ovalis 
of Gotland. 

Types. In the author’s collection. 


Horizon and locality. Silurian, Niagaran Group, Brownsport limestone, Beech River 
formation ; near Decaturville, Tennessee. 
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Protaxocrinus virginiensis n. sp. 
Ii OLIV, jG, M2 


Of the same habitus as the last species, but with thinner and more rapidly 
tapering arms. 


The species is proposed for a well-preserved specimen from a later horizon than the 
preceding. The character given for its separation is not very decisive, but considering’ the 
difference in horizon and locality, it is probably a good species. Some of the Helderbergian 
crinoids have a strong general similarity to those of the late Niagaran, but they are in no 
case actually identical. 

Type. The author’s collection. 

Horizon and locality. Devonian, Keyser formation of the Helderbergian ; Keyser, West 
Virginia, associated with Pycnosaccus tenuibrachiatus. 


Protaxocrinus interbrachiatus (Angelin) 
Plate XLV, figs. 13-16 


Taxocrinus interbrachiatus Angelin, Icon. Crin. Sueciae, 1878, p. 8, pl. 20, figs. 9, Io. 

Taxocrinus (Gnorimocrinus) interbrachiatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 
1870, p. 50. 

Protaxocrinus interbrachiatus, Springer, Jour. Geology, XIV, 1906, p. 515. 


) 


A large species. Crown robust, elongate ovate, widest about III Brs, where 
the interbrachials pass into the tegmen. Height to width of crown, 2.1 to 1; 
of calyx at top of [Ax, 1 to 1.4; spread of calyx from base, I to 2.4, chiefly above 
level of BB. Lateral margins of brachials in lower half of rays angular, form- 
ing sharp, conspicuous buttresses with which the perisome connects at their 
inner margin. Arms broadly rounded or sometimes slightly angular, orna- 
mented distally with longitudinal ridges on each brachial. Base flush with top 
columnal, and calyx expanding suddenly. Height of crown of large specimen, 
40 mm.; width, 16 mm.; width of base, 5 mm. 

IBB low, slightly visible above the column. BB forming a funnel continu- 
ous with column. RR the largest plates of calyx, causing a rather pronounced 
expansion at their level. Anal tube strong, with first two or three large plates 
attached to r. post. ray. RA smaller than corresponding RR. 1Br consisting of 
one to three well-defined plates followed by a profuse development of perisome 
in the first and second axils. II[Br 4 or occasionally more. UW1Br 7 to 9 outer, 
5 or 6 inner; [VBr 13 to 15 outer, 8 to lo inner. Arms strong, tapering slowly, 
infolding above the fourth bifurcation. Brachials generally wider than high, 
and sutures for the most part straight, without distinct sinuosity. Column 
strong, with proximal columnals as broad as the base; gradually diminishing 
in width downward. 


The most striking characters of this Swedish species are the lateral buttress-like angu- 
larities of the brachials, and the profuse development of plated perisome as far as the second 
axil. These are finely shown by the figures made from various specimens in the museum at 


TAXOCRINIDAE I 


On 


2 
e) 


Stockholm. Looking at the angular inner margin of the left posterior ray in a specimen like 
that of figure 14a, Plate XLV, it would seem contrary to the rule we have stated for the 
structure of the anal side in the Taxocrinidae ; but it is evident from that and other figures 
that these marginal angularities were not for sutural attachment of solid plates, but were 
merely ornamental. The spaces opposite them are actually occupied by perisome which is 
attached at the inner margin of the plates; and the same angularities are seen on the higher 
brachials where neither interbrachials nor perisome are present. 

The ornament on the brachials in the form of disconnected longitudinal ridges or 
wrinkles is quite distinct for the species. Angelin’s figures were made from two specimens, 
from both of which I give new and more detailed figures. Two other fragments have fur- 
nished fine enlarged drawings of the interbrachial spaces (Pl. XLV, figs. 15, 16) ; in the 
first may be seen some of the coiled arms toward the distal end, showing how extremely 
slender they become. 

Types. In the Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock Group (horizon f); Follingbo, Island of 
Gotland. 


Protaxocrinus ovalis (Angelin) 
Plate XLVI, figs. 8-11 


Taxocrinus ovalis Angelin, Icon. Crin. Sueciae, 1878, p. 8, pl. 20, figs. 13, 14. 
Taxocrinus (Gnorimocrinus) ovalis, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, 


p. 51. 
Protaxocrimus ovalis, Springer, Jour. Geology, XIV, 1906, p. 515. 


Type of the genus. 

A small species, similar to P. interbrachiatus and perhaps only the young 
of that species; agreeing with it closely except in the shorter, wider habitus, 
better definition of 1Br plates, and the absence of ornament on the arms. In that 
case however, the former species would become the synonym, and P. ovalis 
would stand, being the first on the page of Angelin’s descriptions. In the preser- 
vation in which these fossils are often found the absence of such ornament may 
be misleading. A maximum specimen gives the following proportions: height 
to width of crown, 1.7 to 1; calyx to top of IAx, I to 1.7; spread of calyx, 
1 to 2.2. Height, 17 mm.; width, 10 mm.; base, 4mm. The first interbrachial 
plate is relatively larger in these specimens, but the development of perisome 
is entirely like that of P. interbracluatus. 


Types. Riks Museum, Stockholm, Sweden. 


Horizon and locality. Silurian, Wenlock Group (horizon f); Follingbo and Sigdes, 
Island of Gotland. 
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Protaxocrinus salteri (Angelin) 
Plate XLVI, figs. 1-7 
Taxocrinus salteri Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 23, figs. I, Ia. 


Taxocrinus (Gnorimocrinus) salteri, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, 


p. 51. 
Protaxocrinus salteri, Springer, Jour. Geology, XIV, 1906, p. 515. 
Taxocrinus distensus Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 26, figs. 7, 7a. 
Taxocrinus tubuliferus Angelin, ibid., p. 9, pl. 20, figs. II, 12. 
Taxocrinus austim Angelin, ibid., p. 9, pl. 10, figs. II, Ila. 


A medium sized species. Crown elongate, widest about IIIBrs, where 
height to width is 1.8 to 1; calyx at top of 1Ax, 1 to 1.3; spread of calyx from 
base to same level, 1 to 2.5. Lateral margins of brachials slightly angular, or 
smooth. Arms-broadly rounded, tapering but little to the fourth bifurcation; 
ornamented with small nodes or pustules. Small iBr, followed by perisome in 
first and second axil. Anal tube small. IIBr 3, exceptionally 4. Column as 
large as the base, tapering but little downward. Height of large specimen, 
41 mm.; width, 23 mm.; base at column facet, 6 mm. 


This species is similar in general form to P. interbrachiatus, but is more slender below, 
and differs in the pustulate ornament on the arms, fewer IIBr and smaller anal tube. In 
addition to Angelin’s type I have figured another similar but somewhat larger specimen 
showing the anal side, with various details from both showing ornament and interbrachial 
structures. Both these are from Faro. I have also placed under this species several speci- 
mens from other Gotland localities which are not so characteristic. Among these are: 
(1) The type of Angelin’s Tavocrinus distensus (Pl. XLVI, figs. 3a, b); it has but two 
plates below the axillary in the right posterior ray, as in the others, and would thus seem to 
be without a radianal. But the small size of the first plate shows that it is the radianal, and 
that the specimen is abnormal in lacking the super-radial or IBr,, a defect which is compen-, 
sated by the addition of an extra IJBr. Allowing for this it agrees well with the type. 
(2) The type of Taxocrinus tubuliferus (Pl. XLVI, figs. 5a, b), a very young specimen. 
(3) The type of Taxocrinus austini (Pl. XLVI, figs. 6a-d), another very young, imperfect 
and distorted specimen, wholly destitute of any diagnostic characters for specific description. 
(4) A fine specimen from Follingbo (Pl. XLVI, fig. 4) abnormal in having but one IBr in 
the left posterior ray, which is compensated by extra I1Br following it. All these agree well 
enough with the species in the absence of marked angularity on the margins of the rays, and 
the presence of 3 IIBr in a decided preponderance of the rami. The remaining specimen 
(Pl. XLVI, fig. 7), with 4 I1Br in all three of the visible rami, must be considered a strong 
variant of the species. 

It is difficult to state diagnostic characters which will consistently differentiate this and 
the two preceding species, and it is possible that all three should be placed together as a 
variable species with 3 and 4 I[Br under the name P. ovalis. 

Types. Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock Group, horizons d and f; Faro, Follingbo, 
Wisby, Djeywick and Endre, all in the Island of Gotland. 
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GNORIMOCRINUS Wachsmuth and Springer 
Plate XLVII, figs. 1-17 


Gnorimocrinus Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 50; Proc. Acad. Nat. 
Sci. Philadelphia, 1800, p. 388.—Zittel-Eastman, Textbook Palaeontology, 1896, p. 163 (2d Ed., 
1913, p. 205).—Bather, Rep. British Assoc. for 1898 [1809], p. 923; Treatise on Zoology (Lankester), 
pt. 3, 1900, p. 189.—Springer, Jour. Geology, XIV, 1906, p. 515. 


Fic. 47. Gnorimocrinus 


Taxocrinidae with rays not abutting above interbrachial areas. Crown 
rather low and rotund. Infrabasals low, usually exposed, forming small part 
of calyx wall. Posterior basal elongate. Radianal rhombic, obliquely to lower 
left of right posterior radial. Interbrachials few or usually wanting, and areas 
filled with perisome. Primibrachs two. Arms dichotomous, divergent. Column 
short, not enlarging next to calyx, terminating in a branched root. 

Genotype. Taxocrinus expansus Angelin. 

Distribution. Silurian; Gotland and the United States. 


Gnorimocrinus was proposed by Wachsmuth and Springer as a subgenus to receive all 
of Angelin’s Silurian Tavocrint, with the Devonian Zeacrinus excavatus of Schultze added. 


From the diagnosis the chief character on which the separation from Tawrocrinus was based 


is clear, as shown by the following extract: “ Figure irregular, lacking the bilateral sym- 
metry of that genus. The basal on the posterior side is exceedingly large, reaching almost 
to the top of the adjoining first radials. The first anal plate, instead of resting upon the 
truncated upper side of that basal, leans against the oblique right side and the adjoining 
first radial.” That is to say, in present terminology, it has the radianal obliquely below the 
right posterior radial. That this was the one thing relied upon is emphasized by the note in 
the Revision of the Palaeocrinoidea, pt. 1, p. 50, under G. distensus: “In this species, as 
also G. punctatus, the irregular arrangement of the anal area is not sufficiently shown in the 
figures.” My investigation of this group in 1906 led to the recognition of two kinds of 
irregularity in the anal side worthy of generic distinction, viz.: (1) where the radianal is in 
the form and position of a radial, under the right posterior ray ; and (2) where it has been 
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lifted out of the ray, or reduced to a small quadrangular plate obliquely to the left of the 
radial. sl“) a 

The definition as quoted above clearly refers to the latter, and was evidently taken from 
G. expansus, in which the structure is very plainly shown by Angelin’s figure. The list of 
species, however, included a considerable number of species having form No. 1, and some 
in which the irregularity was not in the possession of a radianal, but in the asymmetric posi- 
tion of the first plate of the tube, which we know now to be characteristic of all the Taxo- 
crinidae. No type species was indicated by the authors, but Bather in 1899 (Rep. Brit. 
Association, p. 923) supplied this defect by proposing G. expansus, which thus becomes the 
type by subsequent designation. It happens that this is the only one of the species listed 
which has the character described, and the curious result follows that out of the twelve species 
originally referred to the genus, only a single one remains under it now. But subsequent 
discoveries in the American Silurian have added new species, which confirm the validity of 
the genus and greatly extend its geographic range. Those species having structure No. 1, 
as already seen, have been transferred to Protaxocrinus. G. excavatus goes very readily 
under Dactylocrinus; G. loveni to the new genus Meristocrinus; and G. oblongatus, with its 
synonym G. rigens to Eutaxocrinus. G. (Taxocrinus) punctatus is insufficiently defined, and 
the original cannot be found; it is probably a Cyathocrinoid. 

While the excavate posterior basal followed by an anal tube suturally free at one side 
fixes the generic position of this form without doubt among the Taxocrinidae, it is not easy 
to draw a satisfactory line between it and the Lecanocrinoid genus Asaphocrinus, because 
of intermediate stages exhibited by that genus, and by abnormal specimens of G. expansus 
tending to vary in that direction. The species of the two genera must be considered as in the 
borderland between their families. Gnorimocrinus is exclusively a Silurian genus; the three 
following species are recognized : 


THE SPECIES OF GNORIMOCRINUS 


I. Arms short, heavy throughout, rounded, tapering little. 
Br with lateral angles or buttresses. 


Scemagag guneill, INES (OPA) coccoocccndocdn0o00G0000000000006 G. expansus. 
Br with lateral margins smooth. 
Specimensplarcier aU mem (exceptionallye2) bemrnr een eeeiere .....G, cirrifer. 


Il. Arms tapering rapidly to the branches. 
RR large and more prominent than succeeding IBr. IIBr 2 or 3......... G. varians. 


Gnorimocrinus expansus (Angelin) 
Plate XLV II, figs. 1-6 


Taxocrinus expansus Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 20, figs. 15, 16. 

Taxocrinus (Gnorimocrinus) expansus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, 
p. 50. 

Gnorimocrinus expansus, Bather, Rep. British Assoc. for 1898 [1899], p. 923; Treatise on Zoology 
(Lankester), pt. 3, 1900, p. 189.—Springer, Jour. Geology, XIV, 1906, p. 515. 


Type of the genus. 

A small species. Crown short, broad, rotund, infolding about the third 
bifurcation, widest about I]Br 2 or 3. Height to width at that level, 1 to 1; 
of calyx to top of axillary Br, 1 to 1.4; expanding rapidly from BB with spread 
from base 1 to 5. IBr almost filling the distal face of RR and succeeding them 
without any conspicuous difference in width. Anal tube very large, resembling 
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aray. Arms heavy throughout, tapering but little; lateral margins of brachials 
projecting in angular buttresses. Surface smooth. Dimensions of an average 
specimen: crown, 10 mm. high by 10 wide; base, 2 mm.; calyx to [Ax, 5 mm.; 
width,8mm. Maximum specimen, 17 mm. high. 

IBB low, slightly visible beyond the column. BB small except post. B which 

, Sughtty y 

is large, rising to height of RR. RR the largest plates in the calyx, expanding 
abruptly from the base. IBr short and about as wide as RR, leaving narrow 
iBr spaces; I] Br 3 or 2; these and higher Br about twice as wide as high; not 
over three bifurcations visible. RA very small, rhombic; anal + much larger, 
followed by still larger plates in series, the first one or two suturally connected 
with ray at right side. iBr areas occupied by thin perisome with scattered 
granules. Column large, facet as large as IBB circlet. 

Out of six specimens, all from Follingbo, four are of about the size stated above as the 
average, and two are about one-half larger. One of the former (Pl. XLVII, fig. 6) is 
abnormal in having a pentagonal RA touching IBB in line with BB; and one of the latter 
(fig. 5) in having the large tube median in position, with its lower plate suturally united to 
the rays at both sides. Figure 1 is a new drawing of Angelin’s original, and the others are 
from specimens found since ; two of them show the interbrachial perisome in strong enlarge- 
ment, with the calcareous granules well separated. 

Types. Allin the Riks Museum, Stockholm. 


Horizon and locality. Silurian, Wenlock Group, horizon f; Follingbo, Island of 
Gotland. 


Gnorimocrinus cirrifer n. sp. 
Plate XLVII, figs. 7-12 

A larger species than the preceding. Crown short, wide, rotund, with 
widely divergent arms, infolding after third bifurcation; widest about IIBrs, 
where height to width is 1 to 1.3. Calyx broadly and evenly expanding from 
base to I]Br2, where height to width is I to 2, and spread from base, I to 4. 
Lateral margins of brachials smooth; anal tube and arms more slender than in 
the last species, but rounded, and tapering but little. Surface smooth. Ina 
mature specimen the crown is 17 mm. high and 22 mm. wide; base, 4mm. Small 
specimen, 8 mm. high by 9 wide. Column, 38 mm. long to end of root. 

IBB scarcely visible beyond column. RR large, rather angular dorsally in 
mature specimens and followed by [Br nearly as wide, leaving but small 
shoulders at the sides. iBr spaces wide, owing to the spread of the calyx rather 
than to the space left at the distal edge of RR; no regular iBr; perisome not pre- 
served, and probably thin. I1Br mostly 3, these and higher Br about one-third 
wider than long. RA small, square; anal tube of medium size, almost entirely 
free from the rays. Column short, without proximal enlargement; composed of 
a few thin ossicles next to the calyx, thence becoming strong, cylindrical, about 
as long as wide, with some alternation of thinner ones in upper part. Radicular 
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cirri prominent at distal end, sometimes extending with a semblance of regu- 
larity half way up the column. 


This is a closely similar species to G. expansus, but of a more slender habitus. It is the 
first occurrence of the genus recorded from America, and the material for illustrating it is 
unusually good, including various stages of growth from mature to very young, where the 
arms infold at the I1Br (Pl. XLVU, fig. 12). In this specimen, which has a complete stem, 
the great length of the columnals in the young is well shown, as compared with those of the 
adult stem in figure 7. 

Type. Author’s collection. 

Horizon and locality. Silurian, Upper Niagaran Group, Brownsport limestone, Beech 
River formation; Decaturville, Decatur County, Tennessee. 


Gnorimocrinus varians n. sp. 
Plate XLVII, figs. 13-17 


Perhaps only a variant of G. cirrifer with which it is associated in the same 
bed; but it is distinguished by its more tapering, slender arms, relatively large 
size of RR, and greater difference between them and the succeeding IBr, giving 
more the appearance of a defined calyx; also by the tendency to reduction in 
number of II Br, which in one out of five specimens are 2 all around, and partly 
soin two. This form is a variation in the direction of the large species from the 
same formation which has been placed under the Lecanocrinidae as a new 
genus, Asaphocrinus, in some ways closely related to Gnorimocrinus, and some 
of the specimens of the present form may possibly be younger stages of that 
species. 

Types. Author’s collection. 


Horizon and locality.. Silurian, Upper Niagaran, Brownsport limestone, Beech River 
formation ; Decaturville, Decatur County, Tennessee. 
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EUTAXOCRINUS Springer 
JP On@S: 2CGLWVAUL ROLWAGHE, XID. IG, ILO 


Eutaxocrinus Springer, Jour. Geology, XIV, 1906, pp. 403, 519.—Zittel-Eastman, Textbook: Paleontology, 
19i3, Pp. 205. 


6 Zp 


Nei 


Fic. 48. Eutaxocrinus 


Taxocrinidae with rays not abutting over interbrachials. Infrabasals low, 
taking little part in calyx wall. Posterior basal elongate. Radianal, if present, 
only in upper oblique position. Interbrachials few or none. Primibrachs two. 
Arms dichotomous, usually more or less divergent. Column usually enlarging 
next to calyx. Otherwise as in Tavocrinus. 

Genotype. Taxocrinus affinis Muller. 

Distribution. Silurian to lower part of Lower Carboniferous; Continental 
Europe, the United States and Canada. 


This genus was proposed by me to receive those species of Taxocrinus without a 
radianal in the lower positions and having only two primibrachs. This division has a strati- 
graphic significance which lends support to its recognition ; for whereas the group of species 
here assembled begins in the Silurian, culminates in the Middle Devonian and ends at the 
very base of the Lower Carboniferous, the parent genus as it is left after the removal of 
these species begins in the Devonian, culminates in the middle of the Lower Carboniferous 
long after the extinction of Ewtaxocrinus, and continues with characteristic species to the 
end of that epoch. In other words Eutaxocrinus is essentially a Devonian, and Taxocrinus 
essentially a Carboniferous, genus. The separation has proved to be a useful one from the 
viewpoint of the systematist, because Taxocrinus, even after the removal of some other 
genera on account of the radianal, still remained a somewhat unmanageable genus. The 
characterization of the species is on the whole satisfactory, and with the exception of one or 
two which are imperfectly known they are recognized without difficulty. 

The Silurian species, E. oblongatus, is somewhat aberrant in its arm structure, having 
transitional features which make its position here not free from doubt. Leaving this out of 
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consideration the remaining species fall into two rather well marked sections, viz.: (1) those 
without regular interbrachials, and (2) those which have them. In the first there are more 
or less ample spaces between the rays and their divisions, but these spaces must have been 
filled with perisome, as we actually find them in FE. juglandiformis, where the small plates 
become rather strong and are not far from the stage of interbrachials. In the second, distinct 
interbrachials appear to a limited extent, but they never become so important as in some of 
the true Taxocrini. As a rule the anal interradius is narrow and the tube small, notable 
exceptions being E. juglandiformis and E. perplexus. Sixteen species are recognized, one 
from the Silurian, thirteen from the Devonian, and two from the base of the Lower Car- 
boniferous, which may be arranged as indicated below. Of the other species described under 
Taxocrinus but resembling this genus in having two IBr, T. rigens Angelin is a synonym; 
T. priscus Steiminger and T. gracilis Meek and Worthen are insufficiently defined; and 
T. grebei Follmann probably does not belong to the Flexibilia. 


THE SPECIES OF EUTAXOCRINUS 


I. Arms long, branching very unequally, with strongly modified dichotomy. 


iBr few and small. 
1 Mek pee eer atatcnaiatn eacheinretrersy ara cum craic aay plow aicigrc oid olen Goan Srvold o.G.ero 'e E. oblongatus. 


II. Arms branching with ordinary dichotomy. 
No iBr. 
IIBr 4. 
Crown short, turbinate. 


Arms broad and short, tapering rapidly. 
Surface: tubercular’ 25: tse cas serch holes tailmrnaue eee ees E. rhenanus. 
Crown elongate. 
Arms stout, tapering gradually. 
Surface smooth: sjacccpimiehoenstyinrs poe veusrere ercseyae retreat ions wee E. stuertai. 
Crown elongate, cylindrical. 


Arms long, slender, tapering gradually. 
Anal interradius very narrow; iBr may occur.............. (?) E. pulcher. 


IIBr 2 or 4 irregularly. 
Crown elongate, turbinate. 


MRA Oi [ir MOE MEISSEl6coopoodcoceoddoovessoKaoNDDdEG ORC E. ithacensis. 
Crown short, rotund. 

Specimensivienyasmall merece Tiere ric rere eerie E. alpha. 

Speciinensmme ditim toplargelsizenerree eee err rere E. curtus. 


IiBr usually 3. 
Crown elongate, turbinate. 


MareinsrofaBr matsedmrcm orice eee aricy eto eerie E. whiteavesi. 
Crown elongate, broad and rotund below. 
Rays angular dorsally. iBr spaces narrow.................++: E. eifelensis. 


Rays not angular. iBr spaces wide. 


Anal tube wide, composed of very short plates. 
RRGlarsestaplatesminecalyacer iment nr eter ere E. juglandiformis. 


* 
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iBr present. 
IIBr 4. 
Crown short, turbinate. 
Arms tapering rapidly. 
Anal tube narrow, composed of elongate plates. 


LBP Romine aie CA. oconccuguocodcGouDDU seb HdOOUnAESE E. affinis. 
Crown elongate, expanding with curved sides. 
ANING (BOSHINS GOWN sacoasdooosgcovcecusbg0dcoguuOoDOunOO (?) £. amplus. 
IIBr 3 or 2. 
Crown rather short, turbinate, base broad. 
Arms diminishing rapidly at each bifurcation................... E, fletcheri. 
Crown more elongate. 
ANS taenimgs grradhiallhy ooocoscnseocc00dba00000000000006 E. montanensis. 
Exceptional species, with anal tube like Taxocrinus juglandiformuis ; 
Small Uc, ama apparcmiby a machemell,oocoscccocco0s000Go00Ke (?) E. perplexus. 
lnmigmibneicmntlhy Glatiaedl:.6h side co's vo ooo apan berm oad mad Get gC ads GAO OeO a nae E. gracilis. 


Eutaxocrinus oblongatus (Angelin) 
Plate XLVIII, figs. 1-4 


Taxocrinus oblongatus Angelin, Icon. Crin. Sueciae, 1878, p. 8, pl. 20, fig. 17. 
Taxocrinus (Gnorimocrinus) oblongatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 


1879, D. 51. 
Eutaxocrinus oblongatus, Springer, Jour. Geology, XIV, 1906, p. 493, Lon p. 515, ? Dactylocrinus]. 
Taxocrinus rigens Angelin, Icon. Crin. Sueciae, 1878, p. 9, pl. 18, figs. 7, 8. 


A large species. Crown elongate, greatly expanding from a broad base 
and attaining greatest width about the last [1 Br, where height to width is 2 to 1. 
Calyx at top of 1Ax, I to 1.9, spread from base, 1 to 2.7. Anal tube and iBr 
areas narrow, with few or noiBr. Arms long, gradually tapering, with from 
6 to 10 bifurcations; the outer branches of the ray and of each division being 
larger, and having longer intervals, than the inner. Thus the tendency is toward 
branching by subordinate ramules, which in turn similarly branch again more 
than once. Intervals in number of brachials on the outer branches of a ray, be- 
ginning above IBr, are 7-6-6-5-5; and on the inner, 5-6-5-5-5-4-4, 
etc. Sutures broadly arcuate. Surface smooth. Dimensions of complete 
crown: height, 48 mm.; width, 16.5 mm.; base, 5.5 mm. 

IBB low and flat, slightly exposed externally beyond the column. BB small, 
with distal part long, narrow, tongue-shaped; post. B but little higher than 
others, and its apex very narrow. RR over twice as large as BB, deeply arcuate 
below. IBr still wider, and increasing upward. IIBr 3, two-thirds as wide as 
IBr. Further divisions in about the same relative size, the inner branch about 
two-thirds as large as the outer. All branches and ramules rounded and strong 
until they disappear by incurving. Lateral faces of lower brachials projecting 
in small buttress-like nodes. Anal tube short and narrow, resting in a rounded 
notch on right sloping shoulder of post. B; in close contact with sides of rays, 
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nearly filling the area, but not suturally connected at left side, and probably 
not at the right. iBr small and narrow, sometimes not appearing externally. 
Column unknown. 


This species departs from the characters of the genus in its heterotomous arms. Their 
arrangement is really not very different in principle from that of a great many species which 
we call dichotomous, in which the outer ramus of the dichotom is slightly the larger, and has 
longer intervals between bifurcations. Here this has gone so far in the direction of heter- 
otomy such as we have in Dactylocrinus that the species might be separated generically on 
that account. It will not go under Dactylocrinus or its allies by reason of the characters of 
the anal tube and base, and I have preferred to consider it as an early variant of the present 
genus, of which it is the only Silurian representative. JT. rigens is clearly a synonym. In 
addition to Angelin’s two types which are refigured (Pl. XLVIII, figs. 1, 2), there are two 
other specimens showing the anal side, both from Wisby. In some of these there is a curious 
open space between the infrabasals marked by a distinct notch at the exterior (Pl. XLVIII, 
figs. 2b, 4). 

Types. Riks Museum, Stockholm, Sweden. 

Horizon and locality. Silurian, Wenlock limestone; Faro and Wisby, Island of 
Gotland. 


Eutaxocrinus rhenanus (C. F’. Roemer) 
Plate XLVIII, figs. 5-10 


' Cyathocrinus rhenanus Roemer, Foss. Fauna Dev. Geb. Rhein., 1851, p. 7, pl. 2, figs. 2a-e; Verh, Nat. Hist. 
Ver. preus. Rheinl., VIII, 1851, p. 363, pl. 8, figs. 2a-e.—Miiller, Abhandl. Akad. Wiss. Berlin, 1857, 
p. 245. 
Taxocrinus rhenanus, Sandberger and Sandberger, Verst. Rhein. Schicht. Nassau, 1850-56, p. 303, pl. 35, 
with text-fig., figs. 17, 17a, not 17b, c. (Cyathocrinus on the plate) —Miiller, Monatsber., March 
1858, p. 185.—Beyrich, Monatsber. Akad. Wiss. Berlin, 1871, p. 43 (Transl. in Ann. and Mag. Nat. 
Hist., (4) VII, p. 401) —Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 49.— 
Follmann, Verh. Naturh. Verein, 1882, p. 164 (Unterdev. Schicht. Olkenbach, pp. 36, 38) ; Unterdev. 
Crinoiden, 1887, p. 4. 
Cyathocrinus brachydactylus F. A, Roemer, Palaeontographica XIII, 1866, p. 205, pl. 35, figs. toa, b. 


A medium-sized species. Crown elongate, with broad base, expanding 
gradually from the base to about the third bifurcation; widest about the ITIBr, 
where height to width is about 1.4 to 1; of calyx at top of IBr, 1 to 1.5; spread 
from base, 1 to 1.8. iBr wanting or small and narrow. Anal structures un- 
known. Arms strong, rounded, diminishing by nearly half at each bifurcation, 
and lying close together though not abutting; sutures obscurely arcuate. Sur- 
face throughout ornamented with fine tubercles, most prominent on the sides of 
the arms; on the stem they take the form of crenulation at the edge of the 
columnals. Dimensions of type specimen: Crown, 33 mm. high by about 23 
wide; base, 9 mm. 

IBB low, but little visible beyond the column. BB short and wide, with 
rather obtuse salient angles. Anal side unknown. RR and IBr large, of similar 
shape, gradually widening upward leaving little space for iBr, which if present 
must be narrow and elongate. I]Br 4. IIIBr 7 or 8 in the outer divisions, and 
5 in the inner. Arms infolding shortly above the third bifurcation. Column 
robust, commencing flush with the base with very thin columnals, strongly 
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crenulated; tapering gradually for 10 or 12 mm., beyond which it becomes 
cylindrical and the alternate columnals increase in length. 


All the specimens known to me are in the form of impressions from natural moulds 
left by the decomposition of the fossil in the sandstone matrix. Roemer’s excellent figure, 
which I reproduce on Plate XLVIII, figure 5a, is partly restored, and I have given for com- 
parison an accurate figure from a gutta-percha cast of the type specimen (fig. 6). I also 
figure another smaller specimen, and give copies of three of Sandberger’s figures of others. 
All these are from the Coblentz beds of the Lower Devonian (the Spiriferen-sandstein of the 
Sandbergers) from various localities in the vicinity of Coblentz. In figure 10, one of Sand- 
berger’s specimens, there seem to be rather abundant interbrachials both primary and 
secondary. The structures are indistinct, but the very short and narrow first primibrach 
indicates an altogether different type of ray, which does not belong to the species. 

None of the specimens expose the anal side, but Dr. Follmann (Unterdev. Crin., 1887, 
p. 5) describes a specimen from an impression of the base which shows the posterior basal 
differentiated from the others by having an additional side. In the type there is a peculiar 
irregular basal which is evidently abnormal. Roemer described the calyx of this species as 
consisting of basals and radials only, considering the plates which were partly evident below 
the basals as only an enlargement of the upper stem joint. Johannes Miller (Monatsber. 
Akad. Wiss. Berlin, 1858, p. 186) pointed out that these plates formed a part of the calyx 
which could not be ignored, and stated them in his diagnosis as three. This was confirmed 
by Follmann (1882, p. 165) who on a wax impression of the lower part of the calyx found 
the 3 IBB plainly visible. The 4 I/Br are quite regular throughout the specimens except 
figure 9, in which the details are indistinct. 

Roemer? in 1851 referred to this species a figure by Goldfuss in Petrefact. Germ. 
plate 58, Figure 6B, under the name Cyathocrinus tuberculatus, of a fragmentary specimen 
from the Grauwacke of the Rheinland, which is clearly excluded by its large interbrachial 
plate. ; 

Cyathocrinus brachydactylus, described by F..A. Roemer upon an imperfect specimen 
from an equivalent horizon in the Hartz Mountains, is probably this species. It is said to 
have a similar tubercular ornament, and the general construction is substantially the same. 

Types. Roemer’s original, formerly in the Anatomische Museum, is now in the Museum 
fur Naturkunde, Berlin, Germany. 

Horizon and locality. Lower Devonian; upper Coblentz beds; Coblentz, Dillenburg, 
Lahnstein, Olkenbach, and Wittrich on the Rhine; Rammelsburg near Goslar in the Hartz, 
Germany. 


Eutaxocrinus stirtzii (Follmann) 
Plate XLVIII, figs. 11-12 
Taxocrinus stiirtzii Follmann, Unterdevon. Crinoiden, 1887, p. 6, pl. 1, fig. 3. 

A rather large species; with crown elongate and narrow, arms long, rather 
stout, tapering very slowly to very small finials; and with 4 IJBr. Surface 
smooth. Column small, enlarging rapidly at the calyx to the diameter of the 
base; proximal columnals thin in the enlargement, becoming longer and alter- 
nating below. IBB low, visible above the column. iBr absent and anal struc- 
tures unknown. The condition of the specimens does not admit of accurate 
measurements; the least distorted crown is 36 mm. to near the fourth bifurca- 
tion, and probably not over 15 mm. wide. 


*Verh. Nat. Hist. Ver Rheinl. VIII, p. 363. 
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Disregarding the doubtful Silurian species, this is the earliest of the genus; it occurs in 
the Hunsrtick slates, about the middle of the Lower Devonian. The only species with which 
it needs to be compared is 7. rhenanus from the next higher formation in the same region, 
and from that it is readily distinguished by its more slender proportions throughout. This 
is well shown by the relative proportions of the lower brachials in the two; in T. rhenanus 
the I[Br are, height to width, 1 to 2.1; I1[Br 1.4 to 3; in T. sturtgw I[Br are 1 to 1.5; IIIBr 
1.8 to 2. The specimens are found crushed very flat, in a dark pyritiferous slate which 
adheres so closely to the fossils that it is only removed by chemical means, and structural 
details are obscured. I have copied Follmann’s figure of the type, and figured the best other 
specimen known to me from the collection of Dr. B. Sturtz in Bonn. 

Type. In the Palaeontological Museum of the Rheinische Friedrich-Wilhelm’s Uni- 
versity at Bonn, Germany. 

Horizon and locality. Lower Devonian, Hunsrtick slate; Bundenbach, Germany. 


Eutaxocrinus affinis (Miiller) 


Plate XLIX, figs. 9-10 


Taxocrinus affinis Muller, Monatsber. Akad. Wiss. Berlin, 1856, p. 353; ibid., Abhandl. for 1856 [1857], 
p. 244, pl. 1, figs. 1, 2—Schultze, Mon. Echinodermen Eifler Kalkes, 1867, p. 34, pl. 4, figs. 2, 2a, b.— 
Beyrich, Monatsber. Akad. Wiss. Berlin, 1871, p. 43 (Transl. in Ann. and Mag. Nat. Hist. (4) VU, 
p. 401).—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 48. 

Eutaxocrinus affinis, Springer, Jour. Geology, XIV, 1906, p. 519. 


Type of the genus. 

A medium-sized species. Crown short, turbinate, nearly as wide as high 
at level of IJ] Br in the principal specimen, which is somewhat compressed ver- 
tically, being 30 mm. high, 27 mm. wide; base, 7 mm., in natural contour prob- 
ably about 1.5 high to 1 wide. In the type, which is normal as far as preserved, 
the calyx shows height to width at top of [Br, 1 to 1.5, and spread from base of 
I to 3, most of this being opposite [Bri by reason of the large iBr. Side outline 
slightly convex. Arms broad and flat, diminishing rapidly at the bifurcations 
beyond the I/Br, and infolding about the fourth; sutures broadly arcuate be- 
yond IBr. Anal tube fairly strong, composed of elongate plates, resting on 
right shoulder of post. B. iBr present. Surface smooth. 

IBB low, appearing as a thin ring above the column. BB small, short, with 
obtuse salient angles, except the posterior one supporting the anal series. RR 
small, almost quadrangular; shorter than either IBr, and little more than half 
the width of the axillary; deeply beveled at the lateral margins. IBr rapidly 
widening upward, axillary twice as wide as high. IIBr 4, almost as large as the 
first [Br, and three times as wide as high; higher Br diminishing in width by 
half, but less in length, not meeting above iBr, but leaving long and wide areas. 
iBr one large, opposite IBri, thick, convex or projecting above outer surface of 
adjacent brachials; areas above probably filled by perisome. 


The most striking character of this species is the thick, rounded interbrachials, which 
resemble blunt pegs standing up between the bases of the rays, unlike those of any other 
known species; the distal margins of these are rounded, indicating that no solid plates fol- 
lowed them, although the spaces above and between the higher divisions are ample. The 
whole aspect of the crinoid is different from that of the other Devonian species, as is appar- 
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ent from a glance at the figures. The best specimen is the one figured by Schultze, now in 
the Museum of Comparative Zoology, Harvard. His figure shows only two plates in the 
anal series, but further cleaning of the specimen has developed three more above (Pl. XLIX, 
fig. tob). I have copied Miiller’s figures of his type in the Berlin Museum, reducing them to 
natural size; it is a younger individual than the other, with a more slender calyx, and Miiller’s 
figure doubtless shows the anal series located more symmetrically than it really is. The only 
other specimen known is one in the University of Bonn. 

Types. Miller’s original is in the Anotomische Museum at Berlin; Schultze’s in the 
Museum of Comparative Zoology, Harvard College. 

Horizon and locality. Middle Devonian, Eifel limestone; Gerolstein and Kerpen, Eifel 
Mountains, Germany. 


Eutaxocrinus juglandiformis (Schultze) 
Plate XLIX, figs. I1-12 


Taxocrinus juglandifornus Schultze, Mon. Echinodermen Eifler Kalkes, 1867, p. 35, pl. 4, figs. 4, 4a, b.— 
Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 48. 

Cyathocrinites, Quenstedt, Handbuch Petrefaktenkunde, 1852, p. 617, pl. 54, fig. 23; ibid., 1885, p. 945, 
pl. 75, fig. 12. 


A medium-sized species. Crown short, broadly rounded below, widest 
about II] Br, where height to width is 1.2 to 1. Calyx very low convex, height 
to width about 1 to 3.6, and spread from base to top of I[Ax 1 to 3. Height of 
crown in one of the types 27 mm.; width, 22 mm.; base, 3.6 mm. Arms broad, 
diminishing rapidly at the bifurcations which extend to four. Sutures straight 
in lower part, becoming slightly sinuous above. No regular iBr; areas occupied 
by perisome. Anal tube broad,.composed of very short plates. Surface smooth, 
or slightly wrinkled. 

IBB low, forming a flat disk covered by the column and nearly of its 
diameter. BB low, visible chiefly in a narrow rim outside the column facet, or 
with small salient points; excepting post. B, which is long and broad, concave 
distally, supporting a very large anal tube composed of plates four times wider 
than high, bordered on either side by integument of numerous small convex 
plates, the arms meeting above them. RR large, longer than either IBr; these 
are wider than RR, increasing in width upward, as do the II Br also; subsequent 
arm divisions little over half the width of those preceding, and enlarging slightly 
at the axillaries. All brachials from radials to the higher divisions wider than 
high, the lower ones two or three times. IIBr 3. Column unknown, facet 
slightly smaller than BB circlet. 

This species is well formed for the accommodation of interbrachials, but they have not 
passed the stage of irregular perisome, in which, however, the plates are sharply convex. 
It is remarkable among its congeners for the large size—especially length—of its radials, and 
the extreme convexity of the calyx; the only species at all comparable with it in the latter 
respect being E. eifelensis. It is also remarkable for the very large anal tube, composed of 
short and wide plates resembling those of the rays; this is well shown in both specimens, 


although displaced in one; the structure at its base in the other is rather peculiar, there being 
an irregular plate inserted at the left of what I suppose to be the posterior basal. 
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The basals are decidedly irregular in their development, and in figure Itc they seem 
to have no salient angles ; in figure 12 it is possible that the triangular plate in the anal inter- 
radius is a basal, and the large plate to its right the first plate of the tube, thus making it still 
further resemble the rays. Schultze in his description says the arms have jointed pinnules at 
least in the upper part. This is an error; neither of the types show it, and he was probably 
misled by the pinnules seen in figure 11a which belong to an arm fragment from some other 
specimen, lodged in the interradius. My figures are made direct from the types—the only 
specimens I know. 

Types. The complete specimen shown by figures Ita-c is in the Museum of Compara- 
tive Zoology at Harvard College. That of figure 12 is in the author’s collection. 

Horizon and locality. Middle Devonian, Eifel limestone; Gerolstein, Eifel Mountains, 
Germany. 


Eutaxocrinus eifelensis n. sp. 
Plate XLIX, fig. 13 


A medium-sized species. Crown elongate, broadly rounded below, widest 
about II]Br, where height to width is about 2 to 1. Calyx broadly spreading 
t to 3 at [Ax, where height to width is about I to 2; side outline convex. Crown 
of type specimen 30 mm. high by 15 wide; base, 4 mm. Rays with a median 
angular elevation extending into the arms. Arms long, relatively narrow, 
tapering slowly and infolding about the fourth bifurcation. Sutures arcuate. 

IBB concealed by the column. BB small. RR and Br short and wide, in- 
creasing in width upward leaving only narrow spaces for 1Br, probably occupied 
by perisome, no iBr being seen. Brachials angular at the sides, with tendency 
to interlock, but without fringe or buttress. IIBr 3, short and wide; IIIBr 5 
to 7 in outer ramus, 4 or 5 in inner; next division very long, branching at 15 to 
20 brachials on the outer ramus, the inner perhaps remaining simple. Anal side 
unknown. Column large, long, tapering slightly from calyx for a short distance, 
with very thin columnals, which gradually increase in length without any marked 
point of change until they become uniformly about half as long as wide, when 
the column begins to enlarge again distally and the columnals become somewhat 
shorter ; there is no alternation of columnals in length or diameter. 


This Middle Devonian species is founded upon an excellent specimen from the Eifel 
which could not be identified with any described form, and is readily distinguished by its 
elongate habitus; combined with broadly spreading calyx and the angular brachial series. 
The stem differs materially from that of all the American species in its lack of alternating 
columnals ; whether it does also from that of the other Eifel species we do not know, as the 
stem is not preserved in any of them. In the fact of enlarging distally it resembles that of 
E. ithacensis. 

Type. Author’s collection. 

Horizon and locality. Middle Devonian, Eifel limestone or Stringocephalen-Kalk ; Pelm, 
Eifel Mountains, Germany. 


TAXOCRINIDAE 305 


(?) Eutaxocrinus perplexus n. sp. 
Plate XLVIL, figs. 18a, b 


A large species. Crown elongate, widest about the third bifurcation, where 
height to width is 45 mm. to 25 mm.; calyx rather low and broadly spreading 
with side outline convex; height to width at apex of axillary [Br, 12 mm. to 23; 
base, 6 mm. ; giving spread of base I to 4. 

IBB low, pentagonal. BB large, and RR somewhat smaller. Post. B sup- 
porting a very large, rounded tube resembling a ray, tapering gradually, com- 
posed of very wide and short plates. Rays and their divisions divergent. Arms 
long, bifurcating four or five times; reducing in size-by half at the first three 
bifurcations and tapering gradually from there on. Surface smooth. IBr 
wider than high, and as wide as the RR, leaving no shoulders for supporting 
iBr. Br of higher orders shorter than wide until near the last branches. A 
small quadrangular iBr in each area touches the basal in three out of the four 
regular interradii, and was evidently followed by perisome, as the sides of the 
rays above it are smooth and rounded. Column large, flush with IBB circlet, 
narrowing very slightly from the calyx, and composed of very thin columnals, 
without alternation for a distance of 20 mm. 


The unique specimen upon which this species is described is abnormal in several respects, 
so that some of its essential characters are in doubt. The most perplexing of these is the 
presence of a pentagonal plate at the base of the anal tube to the left of the posterior basal, 
in the exact position of an obliquely located radianal. This in association with the ponderous 
tube so strongly suggests an affinity with Gnorimocrinus, that if the specimen were normal 
there would be no escape from referring it to that genus. The right posterior ray, however, 
is doubled, the primibrachs being of extraordinary width and supporting two branches, each 
of which has about the size and the same number of further bifurcations as the normal rays; 
the left posterior ray has three primibrachs instead of the normal two. Thus the posterior 
side of the calyx is greatly altered, and the supposed radianal may be only a sporadic occur- 
rence. In the general character of its anal structures, with the posterior basal truncate, and 
anal + to some extent incorporated in the calyx by sutural connection, the specimen departs 
from the family characters ; and it must in any event be treated as a variant with characters 
modified by abnormal growth. In general habitus otherwise it fits as well into Eutaxrocrinus 
as into any other genus. 

In casting about for some possibly related form with which to compare it, one is naturally 
reminded of the similar huge anal tube of E. jwglandiformis, in which the structures about 
the base of the tube are also out of the ordinary. In the relative size of basals and radials, 
and in the presence in this form of interbrachials connecting with the basals (a feature not 
repeated in this family until late in the Lower Carboniferous) the two species are widely 
different. Both depart so strongly from others of this genus that it is by no means clear 
that they should not be separated from it, but the imperfect and abnormal condition of the 
specimens in the anal parts prevents this. The fact that the specimen under consideration is 
derived from the same Stringocephalen-Kalk as those from the Eifel, a formation prolific 
in singular forms, is another reason for referring it—although with much doubt—to the 
present genus. 

Type. In the author’s collection. 

Horizon and locality. Middle Devonian (Stringocephalen-Kalk) ; Verviers, Belgium. 


306 SMITHSONIAN INSTITUTION 


Eutaxocrinus whiteavesi n. sp. 
Plate XLIX, figs. 1-7 


Taxocrinus lobatus var. Whiteaves (not Hall), Contrib. Canadian Palaeontology, I, pt. 2, 1880, p. 94, 
pl. 12, fig. t (Adv. Sheets, 1887, p. 94, pl. 12, fig. 1). 


A small species. Crown elongate, turbinate, spreading to about the level of 
first [VBr, where the arms infold; height to width at that level about 1.5 to 1; 
of calyx at top of IAx, 1 to 1.2; spread from base, I to 2, with nearly straight 
sides. Arms strong, broadly rounded below, diminishing rapidly with each 
bifurcation, and lying close together but not abutting; lateral margins of brach- 
ials angular or sinuous, bent sharply outward in wing-like projections fring- 
ing the arms. Sutures strongly arcuate. Surface smooth. Crown of average 
specimen 23 mm. high by 15 wide; base, 4 mm. 

IBB low, slightly exposed beyond the column, or entirely covered. BB 
small, with obtuse distal angles; post. B broad, socket for anal tube slightly 
to the right. Anal tube not preserved intact, but evidently small, composed 
of elongate plates leaving considerable space chiefly at left side. RR large, 
twice as wide as high, without any shoulders for support of iBr; IBr of similar 
proportions, widening upward leaving very narrow iBr spaces which are bor- 
dered on either side by the abruptly upturned edges of these and following 
brachials. IIBr usually 2, rarely 4, or 2; height to width 1 to 2.5; II] Br about 
the same, with 7 to 12 plates in outer divisions, and 4 or 5 in the inner; higher 
orders of brachials relatively narrower, with four to five bifurcations before 
infolding. No iBr, but spaces at primary and secondary axils evidently filled by 
perisome. Column large, flush with IBB; tapering slightly for a short distance; 
a few proximal columnals are thin and below these the alternate ossicles become 
longer, rounded and projecting. 

The name of this species is proposed in memory of Dr. J. F. Whiteaves, the long-time 
paleontologist of the Geological Survey of Canada, who first figured and described a speci- 
men of it as Taxocrinus lobatus of Hall, a species which is clearly distinct by reason of its 
3 primibrachs, 4 or more secundibrachs, widely divergent arms and other details. In the 
wing-like fringe along the margins of the rays this species is distinguished from any other 
Taxocrinoid, the structure being entirely different from the strong lateral buttresses in forms 
like Protaxocrinus interbrachiatus, but similar to that found in Synaptocrinus nuntius of the 
Ichthyocrinidae. 

There is in this species a considerable tendency to abnormal structures, several of which 
are illustrated on Plate XLIX. In figure 5b there are small intercalated plates around the 
posterior basal; figure 6 has but one plate below the axillary in the left posterior ray, and 
only the axillary in the right. Figures 7a-e are from a finely preserved specimen in a peculiar 
condition which is well shown by the diagram; it has but four rays, the right posterior being 
entirely wanting and represented only by the three small plates shown in figure 7c. Only 
the posterior ray is normal, the other three having but one primibrach, the axillary ; and four 
of the basals are of unusual shapes and sizes. In figure 4 exceptionally most of the rays 


have 4 I[Br. The shape of the posterior basal and the position of the tube-socket are. variable, 
but the upper margin of the plate is deeply curved toward the interior. 
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Type. The specimens considered as types, being those of figures 1, 2, 3, and 7, are in the 
author’s collection. The original of figure 5 is in the collection presented to the University 
of Toronto by Sir Edmund Walker; that of figure 6 is in the American Museum of Natural 
History, New York; and that of figure 4 in the U. S. National Museum. 

Horizon and locality. Middle Devonian, Hamilton group; Thedford, Ontario, Canada. 


Eutaxocrinus gracilis (Meek and Worthen) 
Plate XLIX, figs. 8, 8b 


Taxocrinus gracilis Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 142; Geol. Sury. 


Illinois, III, 1868, p. 421 with text-fig., pl. 13, fig. 3—Wachsmuth and Springer, Revision Palaeocri- 
noidea, pt. 1, 1879, p. 48. 


Rhodocrinus (Taxocrinus) gracilis, Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 397. 
Not Taxocrinus gracilis Schultze, Mon. Echinodermen Eifler Kalkes, p. 37, pl. 4, figs. 3, 3a. 


This species was described from an abnormal specimen in which the structures are so 
distorted that specific characters are not to be defined. It belongs to this genus, and has a 
habitus somewhat like that of E. whiteavesi, but the brachial arrangement is much more 
delicate, and it has small interbrachial plates. Three rays are abnormal, but the other two 
have 3 IIBr, and that is probably its normal number. It would thus find a place in the list 
just preceding E. fletcheri. It is probably a good species representing the genus in the 
western Hamilton. I give two figures of the type and only known specimen. Some other 
specimens probably of this genus have been found in the Hamilton of Iowa and Iflinois, but 
not in good enough condition for description. 

Type. University of Illinois. 

Horizon and locality. Middle Devonian, Hamilton group; Jackson County, Illinois. 


Eutaxocrinus ithacensis (Williams) 
IGE ty WOS~ He B 


Taxocrinus ithacensis Williams, Proc. Acad. Nat. Sci. Philadelphia, 1882, p. 28, pl. 1, fig. 10 —Wachsmuth 
and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 144.—Kindle, Bull. Amer. Palaeontology, II, 
1806, p. 33. 


A small species. Crown elongate, turbinate, narrowly expanding to IIIBr, 
where height to width is 1.2 to 1. Calyx narrow, with small base; side outline 
straight, spreading to top of IAx, 1 to 2.6; height to width, 1 to 1.2. Arms 
broadly rounded, tapering rapidly to small ends. Rays with smooth margins, 
increasing in width from RR up leaving only narrow, elongate spaces. No iBr. 
Surface smooth. 

IBB low, like a columnal. BB small. IBr increasing in width upward. 
11Br 2 or 4, the latter number predominating; two more bifurcations beyond, 
after which the arms infold. Column large and long, enlarging at the calyx 
where it is flush with the basal ring, and also toward the root ; proximal columnals 
very thin, strongly crenulated, narrowing for about 5 mm., beyond which alter- 
nate columnals increase in length somewhat irregularly, until toward the middle 
of the stem they become long and convex; this continues until the column ends 
in an encrusting root. Dimensions of type; height of crown, 19 mm.; width, 
1o mm.; base, 3mm. Length of stem, 180 mm.; diameter at calyx, 3.2; at end 
of conical enlargement, 2 mm.; near root, 3 mm. 
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Dr. Williams in describing this species figured sections of the stem, which is substan- 
tially complete, with its root attached to a Spirifer, as shown by my figure 1 on Plate L— 
a few columnals only being missing at the fracture. The original figure is misleading and 
quite fails to show the slender turbinate outline of the crown, and narrow iBr spaces ; com- 
pared with my figure, which is made with photographic accuracy direct from the type, it 
would scarcely be supposed to have been from the same specimen. The IIBr are inconstant, 
varying from 3 to 4, sometimes 5. The anal side is not shown, except slightly in figure 4. 

This species comes from the Ithaca formation, upper Devonian. It bears considerable 
resemblance to Taxocrinus communis, from the base of the Carboniferous, from which it 
might not be easily distinguished but for the number of primibrachs. This and the next 
species occur rather plentifully in the shales about Cayuga Lake, chiefly in the form of natural 
moulds; but the type specimen is well preserved in its rotund condition. Apparently the 
attachment of the stem to other objects is a frequent condition, as Williams says it was so 
found in several cases. 

Types. Museum of Cornell University, Ithaca, New York. 

Horizon and locality. Upper Devonian, Portage group; Ithaca, New York. 


Eutaxocrinus alpha (Williams) 
Ion? Ik, WHOS; By Ay 5 


When describing the preceding species Dr. Williams gave the varietal name alpha to a 
small form occurring at the same localities, but from a higher horizon. He published no 
figures, but later furnished me casts from the original natural moulds of the specimens which 
he regarded as types; these are shown by my figures 2 and 4 on Plate L, to which I add 
figure 5, of a specimen with a long stem having prominent elongate columnals. After the 
plate was printed I came into possession of a number of similar specimens of this variety 
having more or less of the stem preserved, all exhibiting a striking uniformity in the small 
size and in the stem characters. The crown is usually short, less than 5 mm. in height, with 
the arms limited to two visible bifurcations ; and the stem is proportionally very long,—in one 
case 15 cm. without reaching the extremity. There are a few thin ossicles conically enlarging 
next to the calyx, followed by alternating ossicles, with the larger ones convex; in the median 
part the columnals increase in size, becoming rather uniformly elongate, barrel-shaped or 
doubly conical; beyond this the stem diminishes gradually to a slender thread, and the 
columnals become cylindrical and proportionally very much elongated. These are all thor- 
oughly juvenile characters ; but in view of the difference in horizon, and greater regularity in 
the size and proportions of the stem ossicles in a good series of specimens, it is advisable to 
recognize this form as a full species, of which figure 5 represents the typical form, rather 
than figures 2 and 4. 

Type. University of Cornell; other specimens figured and studied are in the author’s 
collection, and in the State Museum at Albany, New York. 

Horizon and locality. Chemung group, in layers about 300 feet above those of E. itha- 
censis; Ithaca and Avoca, New York. 
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Eutaxocrinus curtus (Williams) 
Plate L, figs. 6-9 


Taxocrinus curtus Williams, Proc. Acad. Nat. Sci. Philadelphia, 1882, p. 30——Wachsmuth and Springer, 
Revision Palaeocrinoidea, pt. 3, 1886, p. 144.—Kindle, Bull. Amer. Palaeontology, II, 1896, p. 34. 


A small species. Crown short, stout, more or less rotund, widest about the 
upper I[Br; height to width about 1 to 1. Dimensions of mature specimen, 
16mm. high by 15 wide; base, 4.5 mm. Calyx low, broadly expanding with side 
outline convex; height to width 1 to 2; base broad; spread of calyx from base 
to [Ax, 1 to 2.2. IBB hidden by column. BB very small. Rays wide and heavy, 
and strongly increasing in width from RR to axillary [1Br, above which the 
divisions become very small, in young specimens looking like mere threads. No 
iBr, and spaces very narrow and elongate. IIBr 3 or 4, irregularly. Column 
large, enlarging at the calyx with thin columnals, which alternate with longer 
and more convex ones farther down; mode of termination unknown. 


This species is found associated with EF. ithacensis, from which it is well distinguished 
by its broad and short crown and more blunt habit generally. Williams’s description was 
made from a young specimen, on which he noted as a character that the stem does not-enlarge 
next to the calyx. This is not the case in the adult, like the fine specimen from the New 
York State Museum shown by figure 8 of Plate L; and there is probably a difference among 
specimens in this respect due to age. The appearance of branching roots in figure 6 is mis- 
leading, caused by incidental depressions in the somewhat injured natural mould from which 
the impression was taken. Williams gives the horizon as Portage. There is reason to believe 
that the type specimen, which he did not figure but of which he sent me an impression from 
the original natural mould, identified as the type, was associated with variety alpha rather 
than with ithacensis, and therefore belongs to the Chemung. The originals of figures 8 and g 
are from Chemung beds at Avoca, Steuben County, in which E. alpha also occurs; the two 
species being thus associated at this locality probably occur in the same formation at the type 
locality also. The horizon of figure 7 is doubtful, and I regard figures 6, 8 and 9 as con- 
trolling for the characters of the species. 

Type. Museum Cornell University, Ithaca, New York. 

Horizon and locality. Upper Devonian, Chemung group; Ithaca and Avoca, New York. 


(?) Eutaxocrinus pulcher n. sp. 
Plate LXXV, fig. ro 

A medium-sized species, of delicate and graceful habitus. Crown elongate, 
very narrow, spreading but little from the base where it is flush with the top 
columnal. An average uncompressed specimen has the crown 40 mm. high; 
10 mm. wide; base, 6 mm; calyx at top of axillary primibrach about as high as 
wide. iBr wanting or irregular; when present, they are usually hidden by close 
apposition of the arms; anal interradius extremely narrow, with post. B but 
slightly differentiated; anal tube not observed, but must have been very small. 
Arms tapering gradually to the fourth bifurcation, with relatively long brach- 
ials, and upper division series long and slender. Sutures strongly arcuate 
throughout. Column large, with wide proximal enlargement. Surface smooth. 
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IBB low, not higher than a thin columnal. BB short. RR and [Br large 
and of nearly equal size. I] Br 4, about half as wide as preceding plates; higher 
Br diminishing by about one-half at each bifurcation, but the long branches 
themselves taper but little. 

This species is of remarkably graceful contour, with flowing lines and gentle curves. 
It is not as well illustrated as is desirable, because overlooked until all the plates for the 
Taxocrinidae were printed. The specimen figured on Plate LXXV is much flattened, and 
does not show the almost cylindrical form of the uncompressed crown. The anal interradius 
can scarcely be distinguished from the others, and upon the evidence of the specimens in 
the New York State Museum originally studied it was thought to be undifferentiated. Material 
subsequently collected by me at the type locality furnished some additional information, from 
which it appears that the posterior basal is somewhat larger than the others, but of similar 
shape; and that the anal and other interbrachial areas may be occupied by plates or perisome 
irregular in shape, size and position, so far as can be seen from the exterior,—largely due to 
the close compression of the rays, whereby the interradial structures are pushed to the inside 
and only incidentally exposed. There may be a small tube, invisible in the fossils as found, 
and the lowest plate of such a tube would be entirely separated exteriorly from the posterior 
basal, but supported on the shoulders of the radials—the basal not being suturally connected 
with plates succeeding it. The specimens upon which we have to depend occur in a micaceous 
sandstone, mostly in the form of natural moulds; in the few which have the skeleton pre- 
served the preservation is unfavorable for definition of the sutures and finer structures. With 
the information now available, the reference to the present genus must be made with doubt. 
An additional figure which I had prepared will be published in the forthcoming work on the 
New York Devonian crinoids now in course of preparation by the New York State Museum. 

Type. The specimen figured is in the New York State Museum at Albany; others 
studied are in the author’s collection. 

Horizon and locality. Upper Devonian, lower beds of the Chemung, Belmont, New York. 


(?) Eutaxocrinus amplus n. sp. 
Plate L, fig. to 


An extraordinarily large species. Crown elongate and robust; the type and 
only known specimen is 70 mm. high by 30 mm. wide; base, 10 mm.; height to 
width of calyx at [Ax, I to 1.3; spread from base, 1 to 2. Side outline convex. 
Arms very strong throughout, not diminishing rapidly upward; sutures broadly 
arcuate. iBr present. Anal structures unknown. Surface smooth. 

IBB very low, not distinguishable from a columnal. BB small, in form 
of low pentagons. RR and [Br three times as large as BB, not materially 
widening upward, twice as wide as high, and of nearly equal size. I] Br 4; these 
and higher Br in each division of about the same size, wider than high, and each 
about two-thirds as wide as those of the preceding division. Branching above 
I1Br somewhat irregular, with 5 to 10 plates in outer ramus of II[Br and 4 to 7 
in the inner, and longer intervals above; one ray probably injured and recuper- 
ated. Arms extending beyond fourth bifurcation, and infolding at about that 
level. iBr few, narrow and elongate, in 2 or 3 ranges; a small illBr present. 
Column large, tapering rapidly from the calyx at first and then gradually until 
becoming cylindrical, with slightly alternating columnals of even diameter. 
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This species is proposed upon a single specimen from the New York Chemung, being an 
impression from a natural mould in the collection of the late Professor James Hall now in 
the University of Chicago. In its peculiarly large and robust habit it is unlike any other of 
this genus, and looks more like a specimen of Onychocrinus ramulosus. This resemblance 
is heightened by the presence of two or three irregular ramule-like arm-branches, but in gen- 
eral structure the arms are in nowise like those of that genus. Lack of knowledge of the anal 
structures makes the generic position of the species uncertain. 

Type. University of Chicago. 

Horizon and locality. Upper Devonian, upper beds of the Chemung group; Bingham- 
ton, New York. 


Eutaxocrinus fletcheri (Worthen) 
Plate L, figs. 11-19 


Taxocrinus fletcheri Worthen, Bull. I, Illinois St. Mus., 1882, p. 31; Geol. Surv. Ilinois, VII, 1883, p. 308, 
pl. 30, fig. 2—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, p. 144; Geol. Surv. 
Illinois, VIII, 1890, p. 197, pl. 15, figs. 6, 9. 


A medium-sized species. Crown rather short, robust, turbinate almost to 
the top; greatest width in adult specimens about the fourth or fifth bifurcation, 
where height to width is about 1.4 to 1. Calyx proportionally slender with a 
broad base, side outline straight; height to width at IAx, 1 to 1.4; spread from 
base, rt to 1.4. Arms robust below, branching with short divisions five times 
before infolding in adult specimens, three times or less in young; diminishing 
rapidly with each bifurcation to slender finials; sutures arcuate. Anal tube 
small, bordered by finely plated perisome and merging into it distally, composed 
of elongate plates; iBr present. Column very thick, flush with base and en- 
larged next to calyx, narrowing in proportion of 1.4 to I in about 15 mm., with 
very thin columnals in the conical part; below that alternate columnals becoming 
longer and rounder ; it decreases in diameter distally, and apparently terminates 
in a narrow end without root. Dimensions: crown in maximum specimen, 
height, 34 mm.; width, 20 mm.; base, 9g mm. Average of 4 adults: height, 
29 mm.; width, 19 mm.; base,g mm. Of a young specimen: height, 12 mm.; 
width, 9 mm., base, 4mm. Of column in a medium specimen: diameter at 
calyx, 8.5 mm.; at end of conical enlargement, 6 mm.; in middle, 5 mm.; near 
distal end, 2.7 mm.; length of 23 ossicles in conical part, 15 mm. (—.6 mm. 
each) ; total length to near the probable termination, 16 cm. 

IBB low, resembling a thin columnal. BB fairly large, short and broad 
with obtuse angles. RR and ]Br of nearly the same size and form, more than 
twice as wide as high. IIBr 3, sometimes 2, shorter than and nearly as*wide as 
the IBr. IIIBr much smaller, 4 in outer and 3 in inner ramus; followed by 
rapidly diminishing branches with 6, 7, 8 brachials in the outer ramus to the 
VIIBr, which has 8 in one specimen. 1iBr spaces very narrow, with 1 to 3 small 
plates between the rays, and occasionally similar elongate ones in the first axil. 


This species and the next are the only Carboniferous representatives of the genus, and 
mark its end in the earliest formation of that epoch. The description is made from a fine 
series of well-preserved specimens, eight of them entirely free from the matrix, and three 
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with long stems on slabs. The characters are remarkably constant throughout this material, 
notably the shorter intervals between the bifurcations than in other species; thus in the 
4o rays of the eight free specimens not one has over 3 I] Br, and few have more than 4 or 5 
outer and 3 inner in the next division; quite a number of rami have only two IIBr, and 
occasionally there is but one. The whole tendency is to shortness of the crown, notwith- 
standing the large number of bifurcations. The stem apparently tapers to a point without 
any such enlargement as in £. ithacensis, and probably without branches; it 1s preserved 
almost to the end in a specimen on a large slab, from which the terminal restoration in 
figure 12 was made. The socket on the posterior basal for the reception of the anal tube is 
more asymmetric than the figures show. In specimens as usually found, the rays are so closely 
appressed that the projection of the basal at the left upper corner is hidden from view, so that 
the tube appears as if median; and in some cases probably is so. In figure 15, Plate L, the 
asymmetry is indicated, but further preparation of this and other specimens shows it to be 
much more pronounced,—the structure in this respect being that of the typical Taxocrinoid. 

Types. Worthen’s original is in the University of Illinois; the others figured and 
studied herein are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Kinderhook group ; Le Grand, Iowa. 


Eutaxocrinus montanensis n. sp. 
Ione Jb, ji, ZO 

Among some collections in the National Museum from the Madison lime- 
stone in Montana is a single specimen rather closely related to the last species, 
and yet of a habitus fairly distinct from it. The horizon is nearly equivalent to 
the Iowa Kinderhook of Le Grand, faunally and lithologically. The rock is a 
very similar buff limestone, but thin and irregularly bedded; and it has a 
crinoidal fauna with an extraordinarily similar facies, yet with scarcely a species 
that can be called absolutely identical; the differences are those due to migra- 
tional changes, modifying the types without extinction of the fauna. The 
specimen for which | have proposed the above species is an example of this. 
Upon the diagnostic character of having few 1Br, 3 I[Br, and a turbinate con- 
tour, it must stand close to EL. fletcheri, yet it is clearly of a more elongate type, 
with Br relatively much longer and narrower, iBr spaces larger, and much 
larger IBB. It is also a larger species, the calyx to the top of IAx being higher 
by half than that of the largest specimens of F. fletcheri. The specimen is only 
partially exposed, and somewhat distorted, so that a more detailed description 
is not practicable; the form of post. B as seen in the figure is misleading, the 
left upper part being pushed under the adjoining radial. The socket for the 
anal tube was about median. 


Type. U.S. National Museum. 
Horizon and locality. Base of the Lower Carboniferous, Madison limestone (= Kinder- 
hook group) ; Spring Canyon, Montana. 
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TAXOCRINUS Phillips 
Plates LI-LX, text-figs. 25a, c; 32-34 


Taxocrinus Phillips in Morris, Cat. British Fossils, ist Ed., 1843, p. 59 (2d Ed., 1854, p. 90)—M Coy, 
Carb. Fossils Ireland, 1844, p. 178; British Pal. Fossils, 1854, p. 53—Bronn, Index Palaeontologicus, 
I, 1848, p. 1217; Lethaea Geognostica, I, 1851, p. 22; Klassen u. Ord. Thier-Reichs, 1860, p. 231.— 
D’Orbigny, Cours Elem. Pal. et Geol. Strat., II, 1851, p. 145——Quenstedt, Handbuch Petrefakten- 
kunde, 1852, p. 617; Petrefaktenkunde Deutschlands, IV, 1876, p. 503—Muller, Monatsber. Akad. 
Wiss. Berlin, June, 1856, p. 353; Abhandl., 1857, p. 244; Monatsber. Akad. Wiss. Berlin, 1858, 
p. 185——Sandberger and Sandberger, Verstein. Rhein. Schicht. Nassau, etc. 1850-56, p. 392— 
Pictet, Traité Paléontologie, IV, 1857, p. 327——Hall, Geol. Surv. Iowa, I, pt. 2, 1858, p: 482—Meek 
and Worthen, Proc. Acad. Nat. Sci. Philadelphia, XVII, 1865, p. 138; Geol. Surv. Illinois, II, 1866, 
pp. 268-272——Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 397——Schultze, Mon. Echinodermen 
Eifler Kalkes, 1867, p. 33, with text-fig—Beyrich, Monatsber. Akad. Wiss. Berlin, 1871, p. 43 
(Transl. in Ann. and Mag. Nat. Hist., (4) VII, p. 401).—Salter, Cat. Cambrian and Silurian 
Fossils, 1873, p. 125—Meek, Amer. Jour. Sci., (3) VII, 1874, p. 191—Wachsmuth, Amer. Jour. Sci., 
XIV, 1877, p. 184—Wachsmuth and Springer, Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 252; 
Revision Palaeocrinoidea, pt. 1, 1879, p. 43; pt. 3, 1886, p. 144; Proc. Acad. Nat. Sci. Philadelphia, 
1888, p. 344; 1890, p. 353.—Von Zittel, Handbuch Palaeontologie, I, 1879, p. 353; Grundziige d. 
Palaeontologie, 1895, p. 138.—Carpenter, Philos. Trans. Roy. Soc. London, CLXXIV, 1884, p. 930 — 
Miller, N. A. Geol. and Palaeontology, 1880, p. 285—Zittel-Eastman, Textbook Palaeontology, 1896, 
p. 163 (2d Ed., 1913, p. 206).—Jaekel, Zeitschr. d. deutsch. geol. Gesell., for 1897 [1898], p. 46— 
Bather, Nat. Science, XII, 1898, p. 341; Treatise on Zoology (Lankester), pt. 3, 1900, p. 189; Ann. 
and Mag. Nat. Hist. (8), XII, 1013,’ p. 390.—Springer, Amer. Geologist, XXX, 1902, pp. 90, 95; 
Jour. Geology, XIV, 1906, pp. 467-523. 

Tsocrinites (Isocrinus) Phillips, Palaeozoic Fossils Cornwall, 1841, pp. 20, 30 (not von Meyer in Agassiz 
1835).—Austin and Austin, Ann. and Mag. Nat. Hist., X, 1842, p. 108. 

Cladocrinites Austin and Austin, Ann. and Mag. Nat. Hist., XI, 1843, p. 197 (not Chladocrinus Agassiz, 
1836). 

Euryalecrinus “Austin and Austin, Mon. Rec. and Foss. Crinoidea, 1846 [1843-49], p. 66. 
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Taxocrinidae with rays not abutting over interbrachial areas. Infrabasals 
low, forming but a small part of the calyx wall; sometimes entirely concealed by 
the column. Posterior basal elongate. Radianal, if present, only in upper 
oblique position. Interbrachials variable, usually present in lower part of area; 
frequently numerous, with distal margin crescentic, rising toward the rays; 
sometimes wanting. Primibrachs three. Arms dichotomous, divergent. Col- 
umn usually enlarging proximally. Tegmen composed of pliant skin with cal- 
careous spicules imbedded, traversed by calcified ambulacra passing between 
parted orals to an open mouth. Anal opening excentric, at the end of a tube 
formed by extension of the ventral perisome and supported at the posterior side 
by a vertical series of anal plates. 

Genotype. Cyathocrinus ? macrodactylus Phillips. 

Distribution, Middle Devonian to close of Lower Carboniferous; Great 
Britain, Belgium, and the United States. 


Taxocrinus is a perfectly typical genus of its family. The structure of the posterior 
side, with its anal tube originating on the posterior basal sometimes far down upon that 
plate, and connected with the rays on one or both sides by perisome only, is in complete con- 
trast with that of Forbesiocrinus, with which it has been most frequently confounded. The 
details of this structure have been fully given in the discussion under that genus, and it is 
unnecessary to repeat them here. Something further may be added, however, as to the 
so-called anal tube. 

Although the vertical series of plates in the posterior interradius in this and allied 
genera has been sometimes called an “anal tube,” there has been a tendency atnong authors 
to use the term with qualification and caution, so as to avoid the meaning of an actual tube, 
it being generally assumed in later years that this structure does not represent such an organ. 
My own investigations, with material and preparations not accessible heretofore, have shown 
that the long familiar term expresses the facts better than any other, and may be properly 
used in description without circumlocution. 

While the plates which constitute the vertical series as we see it in a dorsal view are not 
themselves hollow, yet they form the support for a fold in the perisome which is in every 
way analogous to the passage for the hind gut. The organ thus formed is a jointed struc- 
ture, and therefore flexible notwithstanding the solidity of its plates ; composed on the dorsal 
side of a series of heavy, rounded, elongate plates, which are articulated with one another. 
In the best developed forms of Taxocrinus, as well as in the closely allied Onychocrinus, 
where the tube originates half way down on the outside of the posterior basal, the lower 
plates to the extent of one or two are perfectly solid, and rest within a socket and groove in 
the posterior basal. Above this the plates become ventrally crescentic, and the perisome is 
attached to their lateral edges by a distinct line of depression cut out for its accommodation 
(Pl. LXVII, figs. 4,6). A portion of the pliant tegmen is gradually lifted up between the 
posterior oral and the anal series until it protrudes in the form of an inverted funnel-shaped 
passage ; it thus comes to form the ventral side of an elevated tube for the exit of the rectum 
and the discharge of excrement away from the oral center. There are in some species from 
7 to 10 of these heavy, jointed plates, and in Onychocrinus from to to 13—the terminal one 
being rounded, and appearing as if attached to the perisome (Pl. LX VII, fig..30). 

As found in the fossil state in the latter genus, with the tegmen invariably compressed, 
distorted, or collapsed and sunk down into the dorsal cup, the tube is often curved first to 
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the left against the radial of that side and then to the right, the upper portion lying close 
behind the edge of the posterior basal. Pressure of the tube against this radial plate, coupled 
perhaps with the friction due to the opening and closing of the rays and the up and down 
movement of the tegmen, sometimes produced a broad vertical groove on the margin of the 
left posterior radial, which is a further striking evidence of the great mobility of the 
Onychocrinus calyx (text-fig. 8). In most of the species the socket for the tube lies well to 
the right side of the basal, and in some, such as T. lobatus, T. intermedius, T. ungula and 
T. giddingei, the first plate is larger than those following it, and occupies an angular space 
between the upper shoulders of the posterior basal and the right posterior radial; in these 
cases the plate is believed to represent the radianal, moved upward concurrently with the 
elongation of the posterior basal to an upper oblique position. 

Our knowledge of the tegminal part of this structure in Taxvocrinus is mainly derived 
from the famous specimen of 7. intermedius discovered by Wachsmuth and Springer in 
1888 (Proc. Acad. Nat. Sci. Phila., p. 344), which first gave a clue to the true ventral struc- 
ture of the Flexibilia. But the posterior aspect of the tube and its connecting perisome is 
so perfectly shown in the specimens of Taxocrinus lobatus, T. ramulosus and T. whitheldi, 
that we may consider it to be substantially the same as in Onychocrinus, where we have it 
somewhat better preserved. The actual opening has not been seen in any specimen, and we 
should scarcely expect to find it, being an aperture through the delicate perisome which is 
always more or less folded upon itself and flattened. Otherwise the whole structure is com- 
pletely and beautifully shown by my specimens of Taxrocrinus and Onychocrinus, especially 
a series of O. ulrichi specially prepared for the purpose (Pl. LX VII, figs. 2-6). The form 
of the posterior oral is different in the two genera, and apparently the tube was longest in 
Onychocrinus. 

The structure of the entire tegmen in Taxocrinus is perfectly shown in the specimen 
of T. intermedius above mentioned (Pl. LILI, figs. 1a, b). The orals are well rounded and 
separated, and do not form such a distinct pyramid as part of them do in Onychocrinus. The 
ambulacra are small and delicate, with covering plates transversely elongate—that is, short 
and wide. This structure has been confirmed in a specimen of T. shumardianus (Pl. LIX, 
fig. 14D). 

Along with the above-mentioned characteristic anal structure go two other characters 
also fully discussed under Forbesiocrinus, which must be remembered in trying to determine 
to which of the two genera a specimen should be referred, viz.: (1) that in Taxocrinus one 
or both margins of the brachials next to the anal interradius are smooth, rounded, without 
markings or any specialized area for sutural attachment; and (2) that the interbrachials are 
rarely suturally united to the rays higher than the last secundibrach, and that in the later 
developed Taxocrini they slope away from the rays so as to form a concave distal margin, 
instead of a lanceolate area wedged in between the rays as in the species of Forbesiocrinus 
of corresponding horizon. In practice these facts are important, and often serve to settle 
the identification in cases where the anal structure is invisible, or deceptively distorted by 
pressure. The last feature is not so well marked in the Devonian and earlier Carboniferous 
species, with their narrow interbrachial areas, while the contemporary Forbesiocrinus of 
the nobilis type has the crescentic margin of the interbrachials though somewhat different 
in detail. But in the species of the Upper Burlington, Keokuk, St. Louis and Kaskaskia, 
where there is greatest occasion for comparison with Forbesiocrinus, the crescentic inter- 
brachial margin is very conspicuous, while in the species of Forbesiocrinus from some of the 
same formations the areas are invariably filled to an apex between the rays. 

In the matter of interbrachials the genus underwent a considerable progressive modifi- 
cation. Certain Devonian species, among the earliest occurrences of the genus, have no 
regular interbrachials, and apparently no place for any. Others, also in the Devonian but 
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including species as late as the Lower Burlington, have a few interbrachials confined to the — 
lower part of the areas. A third set of species, beginning in the Kinderhook and including 
all species from the Upper Burlington to the expiration of the genus in the Kaskaskia, have 
the interbrachials strongly developed, rising well up along the rays and forming a concave 
distal margin as already explained. The boundaries between the three sections are not 
sharply defined, yet the general course of development is evident ; but in this respect it never, 
in the Lower Carboniferous, went beyond the stage in which Forbesiocrinus began in the 
early part of that period. While, therefore, there are in the later Keokuk and Warsaw species 
of Taxocrinus with a profuse growth of interbrachials which have a superficial resemblance 
to Forbesiocrinus, the manner in which these plates are disposed along the distal margin can 
be relied upon to distinguish them. This is the case with species in which the structure of 
the anal series is intermediate by reason of a strong growth of plates larger than the ordi- 
nary perisomic plates at either side of the anal series—such as 7. giddingei (Pl. LIX, 
figs. 3, 5). 

There are also Taxocrinoid forms having some anal plates attached to the right pos- 
terior ray. These are often perplexing, and cause doubt to which family they should be 
referred. If we could see the entire posterior basal in direct view we should probably find 
in those cases also an approach to sutural connection at the distal face. They are intermediate 
forms, in which their position must be determined by a slight preponderance of characters. _ 

It will be seen from the foregoing statements that while there was a progressive develop- 
ment of the interbrachial system both in Tarocrinus and Forbesiocrinus, these changes were 
not synchronous. Taxvocrinus reached its acme in this respect in the earliest Lower Car- 
boniferous, at about the same time that Forbesiocrinus first appeared in a very similar stage 
of interbrachial development, and thereafter in the latter genus the growth of these parts 
increased until the areas were completely filled. Thus Taxocrinus intermedius of the Kinder- 
hook is in substantially the same stage as Forbesiocrinus nobilis of the approximately equiv- 
alent Mountain limestone, and they can only be distinguished generically by the anal side; 
while all later Forbesiocrini can be readily distinguished from the later Taxocrini by the 
interbrachials as well as by the other characters. 

In Onychocrinus the order of development of interbrachials was reversed, being pro- 
fuse in the early stages followed by marked diminution toward the end. That genus is 
fundamentally a Taxocrinus with heterotomous arms—the same modification that is seen 
between the Inadunate forms Cyathocrinus and Barycrinus. 

The stem of Taxocrinus was of considerable length in the later Carboniferous species, 
being much longer in T. colletti from the Keokuk than in 7. communis from the Waverly. 
Unfortunately the complete stems are so rarely preserved that no satisfactory comparison 
can be made between the species generally. 

As the genus was formerly regarded by authors, Taxocrinus extended as far back as 
the Ordovician, and included a variety of types the characters of which were not understood ; 
later investigations have shown the necessity of distributing them in the genera Protaxo- 
crinus, Meristocrinus, Gnorimocrinus and Eutaxocrinus. This leaves the parent genus a 
compact, homogeneous group, beginning in the Middle Devonian, distinguished from all the 
others by the absence of a radianal and the presence of three primibrachs. Only in the 
latter character is there found a slight instability during the transition epoch of the Devonian, 
when the evolution from two to three primibrachs as a constant character took place. The 
genus culminated in the Lower Carboniferous, where it is represented by a number of vigor- 
ous species ; and it continued to the end of that period. 

The nomenclatorial history of Taxocrinus is long, and is involved in a singular maze of 
confusion. Although the most widely accepted genus of the Flexibilia, and one to which 
more species have been referred by both European and American authors than to any other, 
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it is rather curious that its name and definition can scarcely be traced to a definite and authori- 
tative origin, but must be deduced from somewhat complicated and contradictory literature. 
Both, however, can in my opinion be placed upon a sound basis. 

The type, in its generalized facies, which is now taken to represent the whole Flexibilia 
group, was clearly recognized by that keen observer, John Phillips, in 1841, when describing 
his Cyathocrinus ? macrodactylus (Palaeozoic Fossils of Cornwall, etc., p. 29). From the 
context it appears clear that it was the study of this species which suggested the idea of a new 
generic group, which “unlike other Cyathocrites and Poteriocrinites might be character- 
ized by having the scapular, costal, and cuneiform arm base in one row and of one breadth” ;— 
a feature which is one of the salient characters of the Flexibilia generally. Immediately fol- 
lowing the description of the above-mentioned species he said: “On comparing this form 
with Poteriocrinus (?) egertont and Poteriocrinus nobilis [previously described by him] and 
Cyathocrinus tuberculatus [of Miller], it appears that they are congeneric.” For this group 
he proposed the name Jsocrinites, indicating the specific characters as “ depending on the 
number of plates in the costal, brachial, and digital series”; and he listed the species as 
follows : 

Isocrinus egertoni, to have seven costals. 
tuberculatus, three costals and three brachials. 
macrodactylus, four costals, five brachials, and six, ten, fifteen digitals. 
nobilis, four costals, four or five brachials, and four, etc., digitals. 
While proposing the name “Jsocrinites,” it is interesting to see that on the same page he 
listed the species under “Jsocrinus.” 

It is important to note that the “costals” of Phillips included both radials and primi- 
brachs of present terminology, for on p. 29, under C.. macrodactylus, he said: “ The pen- 
tagonal supra-columnar joint is surmounted by five plates (pelvis of Miller), alternately with 
which, and above them, are five rows of broad costal and scapular plates, four in each, the 
last being cuneiform” ;—z. e., the fourth plate is the axillary ; hence there is a radial and 
three primibrachs. 

Phillips’s choice of the name J/socrinus was unfortunate, it being preoccupied by 
Von Meyer in Agassiz in 1835 ;' and the Austins in proposing as a substitute for it in 1843 
Agassiz’s name Cladocrinites [Chladocrinus| fared no better. Having discovered that this 
name was preémpted, they made another effort when preparing their Monograph on Recent 
and Fossil Crinoids, which they began to publish in parts in 1843; and on p. 66 of that work 
(in a part which was not published until 1846) we find the name Euryalecrinus as a new 
genus in which Miller’s C. tuberculatus has been included. This was evidently left in the 
text by oversight, as on a previous page (61) they use the name Taxocrinus for longidac- 
tylus, one of the species which had been ranged under Cladocrinites in 1843—thus showing 
that they had already learned of Phillips’s new name as promulgated by Morris. 

In 1843 Morris, in the first edition of his Catalogue of British Fossils, p. 59, published 
the name Tasvocrinus credited to Phillips, listing the species under it as follows: 


‘ , 


Taxocrinus egertoni. 
macrodactylus. 
nobilis. 
tuberculatus. 

There is no evidence of any publication or definition of the genus under this name by 
Phillips, and the work of Morris must be taken as fixing its date and standing. No defini- 
tion was given there, but from the names of the species it is sufficiently clear that the genus 
was intended for the group previously defined by Phillips under Isocrinus. No type species 


*Tsocrinus, H. de Meyer (encore inédit), Mem. Soc. Nat. Neuchatei. I, 1835, p. 195. Jsocrinus, H. von 
Meyer (Letter to Bronn), Neues Jahrb. Min. 1836, p. 57; Mus. Senkenbergianum, 1837, p. 251. 
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was indicated by Morris, and no guide to this is furnished by the order in which the species 
are mentioned, which is purely alphabetical. Neither did Phillips designate any type among 
his original list of species under Jsocrinus. It has been assumed by some authors that 
I, egertomi, because standing first in that list, should be taken as the type of the genus. But 
without any indication by the author of such purpose in the arrangement this fact is by no 
means so important as the fact that the species which Phillips personally studied at the time 
he proposed the genus, and the consideration of which evidently induced the recognition of 
the generic type, was [. macrodactylus. 

The first author to treat of Taxocrinus after its publication by Morris was M’Coy, who 
in 1844 (Carb. Foss. Ireland, p. 178) gave a generic diagnosis, and out of all the species 
named by Phillips selected T. macrodactylus for a full specific description, following it by a 
new species of his own. This was accepted as conclusive by that careful and judicious paleon- 
tologist F. B. Meek, who in connection with Worthen in 1866 (Geol. Surv. Illinois, vol. 2, 
p. 271) said: 

“As M’Coy, who first followed, Phillips in the use of the generic name Tarocrinus (1844), evidently 
viewed 7. macrodactylus as the typical form of the genus, it would, according to the most generally 
accepted rules of naturalists, become the type of the genus for all time to come.” 

This statement was made in the course of an elaborate discussion of the relations of the 
genera Taxocrinus and Forbesiocrinus, and it is the first formal designation of the type 
species of Taxocrinus to be found in the literature. Therefore, under Article 30 of the 
revised International Code as interpreted by the leading authorities, T. macrodactylus 
becomes the type by subsequent designation. 

Of the other species assigned to the genus by Phillips, T. twbherculatus has been removed 
to constitute the type of Temnocrinus; T. egertoni may belong to Onychocrinus, but is not 
well understood and the type specimen cannot be found. This leaves only T. nobilis, which 
goes readily with T. macrodactylus as a good representative of the genus as now restricted. 

Pacht in 1852 (Dimerocrinites oligoptilus, p. 7), in ignorance of Phillips’s proposal of 
Taxocrinus, and mistaking entirely the nature of his genus Dimerocrinites, referred the 
species nobilis and tuberculatus to the latter. 

Roemer in 1851, and subsequently in Bronn’s Lethaea Geognostica (1852-54), rejected 
Taxocrinus, and referred all its species to Cyathocrinus—a course which has not been fol- 
lowed by any other author. 

De Koninck and Le Hon in proposing their genus Forbesiocrinus in 1854, undertook to 
limit Taxocrinus to species without any interradials (interbrachials) ; but their proposal was 
rejected by subsequent authors, such as Schultze, Meek and Worthen, and Wachsmuth and 
Springer, in the course of extended discussions. On the other hand the presence of inter- 
radials as a generic character was expressly stated in the same year by M’Coy as separating 
the genus from Ichthyocrinus. 

The genus has been recognized in the sense of Phillips by authors generally since 
Roemer’s time, with a tendency sometimes to enlarge, and again to restrict, its limits. 
Schultze (1866) found scarcely enough ground to distinguish Forbesiocrinus from it; Meek 
and Worthen (1866) proposed to include that genus, and even Onychocrinus, as mere sec- 
tions under Taxocrinus; Beyrich (1871) expressed the opinion that these genera “can only 
be retained if Taxocrinus be limited to those species in which the first division of the radii 
takes place on the third joint, while four primary radial segments are characteristic of 
Forbesiocrinus.’ He meant the “third joint ” including the radial, 7. e. IBr,, and his plan 
cannot stand because it thus necessarily excludes the type species, 7. macrodactylus. 
Wachsmuth and Springer in 1878 went beyond all others in the direction of consolidation, 
concluding that both Taxocrinus and Forbesiocrinus should be considered at the most as 
only subgenera under Ichthyocrinus. A better understanding of the whole group resulting 
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from later investigations modified this opinion, and in the Revision of the Palaeocrinoidea, 
part I (1879), we pointed out the fundamental characters in the structure of the anal inter- 
radius on which the genus is separated from all those with which it has been confused, save 
only Onychocrinus, and in which it becomes the representative of a well-defined and larger 
family group. This conclusion regarding the genus has been accepted by subsequent authors 
without dissent.* 

No notice was taken of any anal structures in any of the earlier diagnoses or descriptions 
of this genus, nor, as was the case in many other genera, of the fact that it has a dicyclic 
base. Johannes Miller in 1858 (Monatsber. Berlin Akad., p. 185), was the first to demon- 
strate the presence of three small plates below those which were before supposed to be the 
lowest plates of the calyx; and Schultze in 1867 (Echinodermen Eifler Kallxes, p. 32) called 
these small plates “ cryptobasalia ” because they are usually hidden by the column. 

The Austins and M’Coy added to Phillips’s original list several new species from the 
English and Irish Carboniferous; Roemer, Muller, and Schultze four or five more from the 
Devonian of the Rhineland; while still others were added by the American paleontologists 
from the Devonian and Carboniferous of this country. In the meantime Angelin, in 1878, 
described under this genus several more new species from the Silurian of Gotland; and two 
species described by Billings as Lecanocrinus, from the Ordovician of Canada, were referred 
to it by Wachsmuth and Springer. Thus by the year 1900 the apparent range of the genus 
had been extended so as to include forms from the Lower Ordovician (Trenton), to the 
highest Lower Carboniferous (Kaskaskia) ; and more than fifty species had been referred 
to it. 

Angelin’s Taxvocrini were separated by Wachsmuth and Springer in 1879 under their 
new genus Guorimocrinus, upon rather unsatisfactory characters as then stated; the genus 
is now better defined and may be retained as valid, but not all of Angelin’s species fall under 
it. There still remained a great aggregation of species which was not only unwieldy in itself 
by reason of its number, but objectionable because upon geological grounds it seemed highly 
desirable to find some basis for separating the Ordovician species from those of the Car- 
boniferous. Considering the progressive modifications of structure that were known to 
have taken place among the Inadunata, and the fact that closely parallel changes had occurred 
in the Ichthyocrinidae, it seemed to the last degree improbable that such a form as Taxo- 
crinus should persist from the Ordovician to the latest Lower Carboniferous without any 
modification of more than specific importance. Satisfactory grounds for separation were 
finally found by me in the anal and brachial structures, forming the basis of several homo- 
geneous and practicable generic groups. 

T. tuberculatus, one of the species originally included by Phillips, was removed to 
become the type of Temnocrinus, and falls into a different family. The Ordovician and all 
but one of the remaining Silurian species were separated under Protaxocrinus and Meristo- 
crinus. All of these older forms are clearly marked off by the presence of a radianal in some 
distinctive lower position. 

The subdivision of the Devonian and Carboniferous Tasocrini, in which the radianal 
has been shifted upward or eliminated, does not follow sharp stratigraphic lines, being based 
upon a modification in brachials which began in the Devonian and was not concluded until 
the early Carboniferous. The type represented by the parent genus culminated in the 
latter part of the Lower Carboniferous, where it was widely distributed and characterized by 


+The diagnosis of Taxocrinus quoted in Revision of the Palaeocrinoidea, pt. 1, p. 43, as being from 
Phillips, must be taken as Wachsmuth’s interpretation of the several definitions, chiefly those of M’Coy 
in 1844 and 1854, which by some lapsus pennae was placed within quotation marks. It is couched in 
modern terminology, not employed at those dates. It is also incorrect in stating that the “arms divide 
upon the third radial,’—as Phillips in his definition of Jsocrinus expressly included species with more 
than “three costals,” and the type species, T. macrodactylus, was said to have, and actually has, four. 
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several well-marked and abundant species. The form thus persisting is. that of the Devonian 
genotype, 7. macrodactylus, having “ four costals,” or in our terminology a radial and three 
primibrachs; and it therefore necessarily holds the name Tasxocrinus. The other form, 
retaining the Silurian characteristic of a radial and two primibrachs only to the earlier part 
of the Lower Carboniferous, has been removed to form the genus Ewtaxocrinus. The modi- 
fication from two to three primibrachs thus took place in the Devonian; and among the 
species of that age there is observed a tendency to variation, and some lack of constancy in 
this: character. By the time of the Burlington limestone the three-primibrach form, or 
Taxocrinus, had become thoroughly established, and continued on through the St. Louis and 
Kaskaskia to the extinction of the group; whereas that with the two primibrachs, or. 
Eutaxocrinus, had completely disappeared—the latest known species occurring in the lowest 
member of the Lower Carboniferous, the Kinderhook. 

The species of Tavocrinus arrange themselves progressively into three not very sharply 
defined groups, which nevertheless in a general way coincide with the development of the 
especially strong characters of the genus, and its subsequent decadence ; these are based upon 
the condition of the interbrachial system, as follows: (1) iBr wanting, Devonian; (2) iBr 
few, with areas narrow, chiefly filled with perisome, Devonian to early part of Lower Car- 
boniferous; (3) iBr well developed, with wide areas and numerous strong plates, Lower 
Carboniferous. 

The criteria for the closer discrimination of species are not in all cases as definite as 
could be wished. This is especially the case with the Devonian species, in regard to which ~ 
we are embarrassed by scarcity of material, specimens for the most part being extremely 
rare and in the English species very poorly. preserved. We have to rely to a large extent 
upon characters which cannot be very accurately defined and do not lend themselves advan- 
tageously to analytical statement; such for instance as comparative size, the tapering of the 
arms, etc. In the Lower Carboniferous, from which we have in most cases an abundance of 
well-preserved specimens, the species are usually well-marked, especially toward the close 
of that epoch. Nothing could be sharper and more satisfactory than the characters of such 
notable species as T. colletti and T. ungula, or the distinction between the last three or four 
small species with which the genus ended. The number of secundibrachs is not a reliable 
character throughout, being subject to considerable variation in the Devonian species. Ina 
general way it may be said that the elongate species have 4 or more, and the short-crowned 
species less than 4. In the later Lower Carboniferous the number of these plates becomes 
more constant, with a tendency to shortening of the intervals in the ray divisions, until in 
the last surviving species the number is reduced to 2 IJBr almost without exception, and to 
2 or 3 I1I1Br—a condition closely paralleled in the latest species of Onychocrinus of the 
same formation. 

Five species are recognized in the Devonian, and sixteen in the Lower Carboniferous. 
The genus began feebly in the middle part of the Devonian, struggling along with a few 
species while the antecedent Eutaxocrinus was running its course to extinction in the begin- 
ning of the Carboniferous; it then reached its acme in America during the first half of the 
Lower Carboniferous with 3 species in the Kinderhook-Waverly; 4 in the Burlington 
(including Knobstone) ; and 3 in the Keokuk; it then entered upon its decline, finishing with 
one small species each in the Warsaw, St. Louis, and two in the Kaskaskia. 

The relation of the species may be shown by the following analysis, beginning with the 
earliest, and proceeding with a more or less interrupted progression to the end at the close 
of the Lower Carboniferous: 
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THE SPECIES OF TAXOCRINUS 
I. iBr none. 
Crown elongate, calyx narrow. 
Arms tapering rapidly. 
IIBr 5 or more. 
Susi Galleuqenme ant Calle oo¢000cpdca0cs00Go0c7000000000F T. macrodactylus. 
Stemmnotrenlarainceatscalyxcoumere riety sacra acini: T. stultus. 
II. iBr few. 
iBr areas narrow. 
Crown elongate. 
Arms tapering slowly. 


Calyx narrow, turbinate; base small. 
iS eee MNS raamneradivasionMlonsestanc aise T. interscapularis. 


INNBP S,. ION Gwier Ghee Ilona cogbcocodeococaccd0cd000C T. telleri. 
Crown short and broad. 
Arms tapering rapidly. 
IIBr 4 or 5. 


Calyx narrow, slightly curved. 
SiSmM ioe Gullermesnner ale GA, soconcqoabacoa0cs0b00G0000000 T. commums. 


Arms heavy and tapering slowly. 
Calyx broad and massive, subturbinate. 
Stem enlarging next to calyx. 


LB Bwathinyrnin oom sD Bria srensctio ass lc aces cies eles ov ayoiee T. nobilis. 
Calyx more rounded. 
IBIS wise @oUNG Oi COMMS 6 506506006000000000000000000 T. belgicus. 


iBr areas wide, filled with perisome. 
Crown elongate. 
Calyx spreading. 
Arms heavy, tapering slowly. 
Arms with nodes on axillaries. 


ANimell 1gGlDe WEI, COMEDIGUOUS so o6cccccgcnncAncconob0GDCG_C T. lobatus. 

Amal tule weny Smell, coccoeocobodcoogaboouGbasdneeneoo T. kelloggt. 

Ams meankecl yin Wistall@seo .ccc0cnccocacsbeonKecoanbadc T. ornatus. 

Aisone saneveleaal Will jEGEIIES.. 6506000060000 0000000000006 T. pustulosus. 
Calyx narrow. 

ATS tapering TanGlhy,, GUUS SuMOOWN, cosscaaudcaqecouducc T. juvenis. 


Ill. iBr well-developed. 
iBr areas wide, numerous strong plates in lower part. 
Species attaining large size. 
Crown short and spreading. 
IIBr 3. 


Calyx evenly rounded, rays not prominent. 
AMrmsiiapeninesrapidly strom UU tae sees eae eect t....L. intermedius. 


Calyx pentagonal, rays prominent. 
Arms tapering gradually throughout.................... T. ramulosus. 


Arms sharply diminishing above II]Br and spreading 
IK CMCIAW.Sig acy ees dnciuape enue reeisus alee tusrd oO coasiaia-eidlsiovnva oie whee T. ungula. 


Crown elongate. - 
Arms long, regularly tapering. 
Stem enlargement suddenly contracting. 
IEP Sy Cole i setantaus ences oe & Race Ren eR ERR nC RRC EAR Rea T. colletti. 
Stem enlargement gradually diminishing from calyx. 


UMTS teen oltomsysvenives cetera aaa tcee rere sens en Was suntaers T. praestans. 
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Species small and short. 
Crown wide and spreading. 
IIBr 3. 
iBr not touching BB; anal series bordered by strong plates....7. giddinget. 
iBr touching BB; anal series bordered by weak perisome ; 
IlIBr 3 at inner side of ramus. 
Crown rather longer than shee ee low and 


broadly rounded . sintaeys SHA en sieiareneusi lease T. shwmardianus. 
Crown smaller eeu in al other species ; wider than 
long; rays rather narrowly elevated............... T. huntsvillae. 
IIBr 2. 
iBr very strong, sometimes touching BB; IIIBr 2 or 3........ T. whitheldi. 


SPECIES REFERRED TO OTHER GENERA 


The species which were originally described under Taxocrinus, or have been heretofore 
referred to it by revisors, or are so referred by me, are now distributed among the several 
genera as follows: 


TEMNocRINUS. Cyathocrintes tuberculatus Miller. 

Mertstocrinus. Cyathocrinus interbrachiatus Ang.; Taxocrinus orbignii M’Coy. 
Synaptocrinus. Forbesiocrinus nuntius Hall. 

Euryocrinus. Poteriocrinus granulosus Phillips. 


Dactytocrinus. Dimerocrinus oligoptilus Pacht; Forbesiocrinus lobatus var. tardus Hall; 
Taxocrinus (Aristocrinus) concavus Rowley; Zeacrinus excavatus Schultze. 


SYNEROCRINUS. Taxocrinus incurvus Trautschold. 
WaAcHSMUTHICRINUS. Forbesiocrinus spinifer Hall; Forbesiocrinus thiemet Hall. 


Protaxocrinus. Lecanocrinus elegans Billings; Lecanocrinus laevis Billings; Taxocrinus 
austim Ang.; Taxocrinus distensus “Angelin ; Taxocrinus inter brachiatus Ang. ; 
Taxocrinus ovalis Ang.; Taxocrinus salteri Ang. ; ; Taxocrinus tubuliferous Ang. 


GnorimMocrinus. Taxocrinus expansus Angelin. 


Eutaxocrinus. Cyathocrinus brachydactylus Roemer; Cyathocrinus rhenanus Roemer: 
Taxocrinus affinis Miller; Taxocrinus curtus Wil Iliams ; Taxocrinus Aletcheri 
Worthen ; Taxocrinus gracilis Meek and Worthen ; Taxocrinus ithacensis Williams ; 
Taxocrinus juglandiformis Schultze; Taxocrinus oblongatus Angelin; Taxocrinus 

rigens Ang.; Taxocrinus sturtgit Follmann. 


TAXOCRINUS. Cyathocrinus (?) macrodactylus Phillips ; Forbesiocrinus giddingei Hall; 
Forbesiocrinus juvenis Hall; Forbesiocrinus kellog get Hall; Forbesincrinus lobarne 
Hall; Forbesiocrinus ram ulosus Hall; Forbesiocrinus shumar dianus Hall: For- 
besiocrinus whitheldi Hall: Poteriocrinus nobilis Phillips; Taxocrinus communis 
Hall; Taxocrinus colletti White ; Taxocrinus intermedius Wachsmuth and Springer ; 
Tasn oer irs interscapularis Hall; Tasxocrinus stultus Whidborne; Taxocrinus 
ungula Miller and Gurley. 


ParicHTHYocrINuS. Forbesiocrinus meeki Hall; Taxocrinus crawfordsvillensis Miller and 
Gurley ; Taxocrinus subovatus M. and G. 

Onycuocrinus. Forbesiocrinus diversus Meek and Worthen; Forbesiocrinus norwoodi 
M. and W.; Forbesiocrinus norwoodi M. and W.: Forbesiocrinus semiovatus M. and 
W.; Poteriocrinus egertoni Phillips; Taxocrinus polydactylus M’Coy. 


RwHopaLocrinus. Taxocrinus gracilis Schultze. 


TAXOCRINIDAE 383 


SyNoNyMsS, etc. 
_ The following (including 3 species described as Forbesiocrinus) are either synonyms, 
insufficiently defined, imperfectly known, or do not belong to the Flexibilia : 


Taxocrinus brevidactylus Austin (Cladocrinites), 1843, Ann. and Mag. Nat. Hist., XI, 
198=Poteriocrinus abbreviatus, Rec. and Foss. Crin., 89. Insufficiently known; 
probably belongs to this family and might be Eutaxocrinus. 

Taxocrinus briareus Schultze, 1867, Echin. Eifelkalk, 36. An Inadunate crinoid = Lecytho- 
crinus. 

Forbesiocrinus cestriensis Hall, 1860, Geol. Surv. Iowa, Supp. 68. Syn. of Taxocrinus 
whitheldi. 

Taxocrinus greber Follmann, 1887, Unterdev. Crin., 6. Probably does not belong to the 
Flexibilia. 

Taxocrinus granulatus Salter, 1873, Cat. Cambr. and Silur. Foss., 126. Catalogue name, not 
defined. 

Taxocrinus longidactylus Austin (Isocrinites), 1842, Ann. and Mag. Nat. Hist., X, 108. 
An Inadunate crinoid. 

Taxocrinus marmoratus Salter, 1873, Cat. Cambr. and Silur. Foss., 125. Catalogue name, 
not defined. 

Forbesiocrinus meeki Quenstedt (not Hall), 1885, Handb. Petref., IV, 946; von Zittel, 1910, 
Grundztige Pal., 164. Syn. of T. colletti. 

Faxocrinus nanus Salter, 1873, Cat. Cambr. and Silur. Foss., 126. Catalogue name, not 
defined. ; 

Forbesiocrinus parvus Wetherby, 1879, Jour. Cin. Soc. Nat. Hist., Oct., 1879, 5. Syn. of 
Taxocrinus whitheldi. 

Taxocrinus pentagonus Austin (Cladocrinites), 1843, Ann. and Mag. Nat. Hist., XI, 198. 
Insufficiently known. 

Taxocrinus priscus (Schnur) Steininger, 1853, Geogn. Beschr. Eifel, 37. Insufficiently 
diagnosed. 

Taxocrinus splendens Miller and Gurley, 1896, Bull. No. 8, Illinois St. Mus. Nat. Hist., 61. 
Syn. of T. collett. 

Taxocrinus wetherbyi Miller and Gurley, 1894, Bull. No. 6, Illinois St. Mus. Nat. Hist., 41. 
Syn. of T. whitteldt. 


Taxocrinus macrodactylus (Phillips) 
Iyon@ ILM, jpGS. ez 


Cyathocrinus ? (Isocrinites, Isocrinus) macrodactylus Phillips, Pal. Fossils Cornwall, 1841, pp. 29, 30, 
pl. 15, figs. 41a-g. 

Isocrinites macrodactylus, Austin and Austin, Ann. and Mag. Nat. Hist., X, 1842, p. 108. 

Cladocrinites macrodactylus, Austin and Austin, Ann. and Mag. Nat. Hist., XI, 1843, p. 198. 

Taxocrinus macrodactylus, Morris, Cat. British Fossils, 1843, p. 59 (2d Ed., 1854, p. 90).—M’Coy, Carb. 
Fossils Ireland, 1844, p. 178—Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 138; 
Geol. Surv. Illinois, II, 1866, p. 270.—Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1879, 
p. 49—Whidborne (Devon. Foss. S. of England, III, pt. 3), Pal. Soc. London, 1899, p. 215, pl. 33, 
figs. 2-4a.—Springer, Amer. Geologist, XXX, 1902, p. 91; Jour. Geology, XIV, 1906, p. 492. 


Type of the genus. 

A large species. Crown very elongate, narrow; height to width, about 3.8 
to I; maximum specimen, about 90 mm. high by about 30 mm. wide. Arms 
strong, tapering rapidly with long divisions to five or more bifurcations. Calyx 
narrow, with a broad base and nearly straight sides. iBr none; areas relatively 
narrow, elongate. Anal side unknown. RR large. [Br 3, broad. IIBr 5 or 
more; IIIBr 6 to 8; I[VBr 10 or more; VBr 15 or more. Surface smooth. 
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Column large, flush with base, expanding toward calyx; columnals very thin 
for the short cone at top, becoming longer downward, with but little, if any, 
alternation. 

The description is made chiefly from the figures and descriptions given by Rev. G. F. 
Whidborne in his Monograph of the Devonian Fossils of the South of England. He had 
before him all that was left of Phillips’s type specimens, viz., the original of his figure 41e 
(Palaeozoic Fossils of Cornwall, pl. 15) now in the Museum of Practical Geology, London, 
of which in its present condition he gives a good figure. I have copied this (Pl. LI, fig. 2), 
along with Phillips’s original figure of the same specimen (fig. 1). Owing to the lack of 
technical accuracy in the older figure these appear but little alike, yet there is no doubt of 
the identity of the specimen. It has suffered some injury, the preservation being poor and 
fragile, as in many of the crinoids of the English Devonian, where they occur partly in the 
form of casts or natural moulds, often in rather friable material. The primibrachs below 
the axillary are gone, but Phillips’s figure, in which there was no attempt at restoration, 
clearly shows that there were originally three plates below it. 

I also copy another of Phillips’s figures, 41b (fig. 3), from a specimen now lost, showing 
three primibrachs, and giving a general idea of the stem. Supplementing these is Whid- 
borne’s figure of another specimen (figs. 4a, b) which gives the characters of the stem and 
base. These specimens thoroughly confirm the description given by Phillips of the charac- 
ters assigned to this species, the study of which led him to recognize in it a new generic type. 
His descriptions and accompanying remarks are as follows (Pal. Foss. Cornwall, p. 29) : 

The pentagonal supra-columnar joint is surmounted by five plates (pelvis of Miller), alternately 
with which, and above them, are five rows of broad costal and scapular plates, four in each, the last being 
cuneiform. From this point, the hands and fingers go on dividing, and the number of joints in each 
successive branch augments. The arms, hands, and fingers are externally round; the finger ends are 
cirrhose. 

On comparing this form with Poteriocrinus (?) Egertoni, Poterioc. nobilis, Cyath. tuberculatus, &c., 
it appears that they are congeneric; and that, unlike other Cyathocrinites and Poteriocrinites, they might 
be characterized by having the scapular, costal, and cuneiform arm base in one row and of one breadth. 
Perhaps Actinoc. (?) expansus, of Sil. Researches, may be allied to them. If, provisionally, we designate 


this group by the title of Jsocrinites, and consider the specific characters as depending on the number of 
plates in the costal, brachial, and digital series, we shall find 


Isocrinus Egertoni, to have seven costals ; 
tuberculatus, three costals and three brachials ; 
macrodactylus, four costals, five brachials, and six, ten, fifteen digitals ; 
nobilis, four costals, four or five brachials, and four, &c., &c., digitals. 


It must, however, be remarked that above the costal rows the numbers of brachial and digital joints 
vary in the same specimen, owing to an unequal development which is almost always remarked in these 
fossils. In Lsoc. macrodactylus the first digitals are six or seven. Another difference arises from age, as 
remarked in Sil. Researches, in relation to Cyath. tuberculatus; and in Geol. of Yorkshire, in regard to 
Poteriocrinus. 

This description also points out the chief difference between this and the only other of 
his species now remaining in the genus, 7. nobilis, viz., the longer arm divisions. 

There is no mention of the anal structures, either in this or in Whidborne’s redescription, 
as none of the specimens show them. 

The geological position of the species is late in the Devonian—the Pilton beds being now 
classed as Upper Devonian, or at least not later than the equivalent of the Hamilton of this 
country. 

Types. Phillips’s original of his figure 41e, and that of figures 4a, b herein, are in the 
Museum of Practical Geology, London. The other specimen figured by Phillips cannot be 
found. 

Horizon and locality, Upper Devonian, Pilton beds; Pilton, and North Devonshire, 
England. 
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Taxocrinus stultus Whidborne 
Plate LI, figs. 5a-c 


Taxocrinus stultus Whidborne, Proc. Geol. Assoc., XIV, 1896, p. 377; (Devon. Fauna S. of England, III, 
pt. 3) Pal. Soc. London, 1899, p. 216, pl. 34, figs. 1-3. 


Under this name Dr. Whidborne described a species from the same horizon 
and locality as T. macrodactylus, which is generally similar to it, except that it 
has a more rounded calyx and the stem does not enlarge at the top; it passes 
into alternating columnals below, the longer ones being convex and wider than 
the shorter. This difference in the stem is quite marked, and is well shown by 
the figures. The anal structures are visible; post. B being rather acute, followed 
by a series of very narrow plates of the tube, free at both sides. There is no 
trace of interbrachials. 


Type. Inthe Porter collection, Pilton, England. 
Horizon and locality. Upper Devonian, Pilton beds; Pilton, Devonshire, England. 


Taxocrinus interscapularis Hall 
la emb lien TtGes O 


Taxocrinus interscapularis Hall, Geol. Surv. lowa, I, pt. 2, 1858, p. 482, pl. 1, fig. 3—Meek and Worthen, 
Proc. Acad. Nat. Sci. Philadelphia, 1865, pp. 139, 143; Geol. Surv. Illinois, III, 1868, pp. 422, 423.— 
Beyrich, Monatsber. Akad. Wiss. Berlin, 1871, p. 43 (Transl. in Ann. and Mag. Nat. Hist., (4) VII, 
p. 401).—Quenstedt, Petref. Deutschlands, IV, 1876, p. 505, pl. 107, fig. 146—Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 48—Not Cleland, Wisconsin Geol. and Nat. Hist. 
Survey, Bull. 21, 1911, p. 42, pl. 3, figs. 11, 12=T. telleri. 


This species is only known by a single specimen, and that is in such an im- 
perfect condition that no satisfactory detailed description can be made from it. 
One side is imbedded in a hard matrix, and the exposed part is much injured by 
weathering and accident; the base is broken off, and the basal plates described 
by Hall are part of the radials, according to the interpretation by my artist; it 
apparently has 3 [Br instead of 2, as would follow from the original description. 
There are two peculiar things about the specimen: (1) the high location of the 
iBr, supported by the IBr., instead of R as in other cases; (2) that the inner 
division of the [II Br is longer than the outer. There is also a tendency in the 
brachials to coalesce for two or three ranges above the axillaries, which is not 
seen elsewhere in this genus. The species is apparently well-marked by these 
characters, but its relations remain obscure; and it may even not belong to this 
genus, as the anal side is unknown. 


Type. Worthen collection, University of Illinois. 
Horizon and locality. Middle Devonian, Hamilton Group; New Buffalo. lowa 
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x 


Taxocrinus telleri n. sp. 
Plate LIT, figs. 7-8 
Taxocrinus interscapularis, Cleland, Wisconsin Geol. Nat. Hist. Surv., Bull. 21, 1911, p. 42, pl. 3, figs. 11, 12. 

A rather small species. Crown elongate, widest about lower III Br; height 
to width about 2.3 to 1. Calyx narrow, with curving sides; base small; height 
to width at [Ax, 1 to 1.3; spread from base, 1 to 3. Arms tapering slowly to 
2 bifurcations, with long divisions; sutures broadly sinuous. iBr few, areas 
rather narrow, mostly filled with perisome. Surface smooth. Dimensions of 
crown in adult specimen: height, 40 mm.; width, 17; base, 5. 

IBB low. BB of good size with acute angles. RR and [Br large, twice as 
wide as long, of about the same form and size. [Br 3; I/Br usually 5. III[Br 
about 14 outer and 7 or 8 inner, with one or more bifurcations visible; arms 
infolding beyond this with very long finials. Anal series composed of elongate 
plates, their full structure not known. Column unknown. 

This species is proposed for some Hamilton specimens from Milwaukee, which I was 
unable to refer satisfactorily to any known species. They were found by Mr. E. E. Teller 
of that city,‘a business man who is a keen observer and ardent lover of science, and whose 
name I have pleasure in associating with the species. The nearest related form is T. inter- 
scapularis from the lowa Hamilton, which differs in the number of I/Br and in the arrange- 
ment of II[Br. The small specimen figured (Pl. LII, figs. 8a-d) is a remarkable variation 
from the normal crinoid. It has 7 rays; one with 3 [Br, and six with 2, in one of which the 
R is split vertically. The basal ring, IBB and BB together, is fused into a single solid plate. 
According to the number of primibrachs in most of the rays it would belong to Eutaxocrinus ; 
but in view of its great irregularity this may not prove anything, and as the specimen was 
found associated with the fine adult specimen (figs. 7a, b), I have placed it here to illustrate 
a striking example of abnormal growth. 

Type. Collection of Mr. E. E. Teller, of Milwaukee, Wisconsin ;—a careful and intelli- 
gent collector, to whom I am indebted for valuable information. 


Horizon and locality. Middle Devonian, from an outlier of the Hamilton group; near 
Milwaukee, Wisconsin. 


Taxocrinus lobatus (Hall) 
Plate LII, figs. 9-11 


Forbesiocrinus lobatus Hall, 15th Rep. New York St. Cab. Nat. Hist., 1862, p. 124; Bull. I, New York 
_ St. Mus. Nat. Hist., Photographic Plates, pl. 1, fig. 11. 
Taxocrinus lobatus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 49 Wood. Smith- 
sonian Misc. Collections, XLVII, 1904, p. 81. 
Not Taxocrinus lobatus var. Whiteaves, Contrib. Canadian Pal., I, pt. 2, 1880, p. 94, pl. 12, fig. I. 


A medium-sized species. Crown elongate, turbinate below; height to width 
at second axillaries, 1.9 to 1. Calyx narrowly spreading, 1 to 3, with nearly 
straight sides; height to width at [Ax, 1 to 1.4. Arms large and deeply rounded, 
strongly divergent, tapering very gradually, the first division series being almost 
as large as the primibrachs; infolding about the fourth bifurcation, but much 
longer and bifurcating further beyond; sutures strongly arcuate, and a strong 
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node on each axillary. iBr spaces wide, chiefly filled with strong perisome. 
Anal tube large and prominent. Surface smooth. Crown of mature specimen, 
41 mm. high; 22 wide; base, 6 mm. 

IBB low but showing well above the column. BB fairly large, with acute 
angles. Post. B extremely large and broad with very wide concave socket, sup- 
porting a large anal tube with lower plates large, as wide as high, becoming 
shorter above, and bordered on both sides with wide areas of very strong 
perisome. RRand [Br of similar form and size, almost as long as wide. [Br 3, 
exceptionally 2; IIBr usually 4, sometimes 5, nearly as wide as IBr. IIIBr 6 
on inner and about 8 in outer division. iBr 1 to 3, and small ilIIBr sometimes 
present, followed by extensive perisome. Column unknown." 


The brachials throughout in this species are much longer than is usual for the genus, 
and the development of anal structures and perisome much more profuse than in any other 
Devonian species, recalling those of the later Subcarboniferous. In arm structure it super- 
ficially resembles 7. kelloggi, but it has a much narrower and more conical calyx, and is very 
different in other details. The type specimen is in poor condition, and does not show the 
structures plainly ; it seems, however, to have but two [Br in part of the rays, whereas the 
other two extremely well-marked specimens have three consistently throughout. One of 
these (fig. 10) shows all the characters of the species most beautifully ; and the other (fig. IT), 
though not so perfect, fully confirms it. The latter has a Gasteropod commensally attached 
over the anus. 

Types. Hall’s original (fig. 9) is in the American Museum of Natural History, New 
York; that of figure 10 in the New York State Museum, Albany ; and that of figures 11a, b 
is in the author’s collection. 

Horizon and locality. Middle Devonian, Moscow shales of the Hamilton group; 
Canandaigua Lake, New York. 


Taxocrinus communis (Hall) 
Plate LII, figs. 1-4 


Forbesiocrinus communis Hall, 17th Rep. New York St. Cab. Nat. Hist., 1863, p. 6 (Separate) ; Final 
Report, 1864, p. 55.—Hall and Whitfield, Geol. Surv. Ohio, I], Pal., 1875, p. 160, pl. 12, fig. 3, not 
figs. 4, 5. 

Taxocrinus communis, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, IX, 1865, pp. 140, 141; 
Geol. Surv. Illinois, II, 1866, p. 270——Wachsmuth and Springer, Revision Palaeocrinoidea, pt. I 
1879, p. 48. 


’ 


A small species, with elongate crown, and a very peculiar stem; height to 
width at second axillary, 1.4 to 1. Calyx greatly expanding, obconical below, 
with narrow base and concave sides; height to width at [Ax, I to 1.4; spread 
from base, I to 2.5. Arms heavy, rounded, tapering slowly, with not over three 
bifurcations before infolding; iBr few, spaces narrow and elongate. Surface 
smooth. 

IBB low, visible as a short ring. BB small, fairly acute-angled. RR and 
IBr of similar form, about half as long as wide, increasing in width to the 
axillary. IBr 3; I1Br 4 or 5, of about equal size, with one more division on 
inner ramus at about gth brachial in mature specimens, but not in younger. 


2See explanation of Plate LII, figs. 9-11. 
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Anal tube not preserved, but evidently small, resting on narrow post. B. iBr 1, 
small. Column next to calyx strong, composed of thin columnals which after 
a short interval begin to enlarge in diameter downward instead of diminishing, 
soon changing rather suddenly to much longer, convex ossicles; these increase 
in length and width for some distance, and then diminish, becoming narrower 
and more uniform toward the end, which is not preserved. Dimensions of 
medium specimen with nearly complete stem; crown, 20 mm. high by 14 mm. 
wide; base, 4 mm.; calyx, 7 mm. high by 10 mm. wide at IBrs. 


The peculiar median swelling of the stem is the most interesting feature of this species ; 
it is plainly shown in the type, but much better by the beautifully perfect specimen in my own 
collection. It may be compared with Eutavocrinus ithacensis as to the stem, in which, how- 
ever, there are distinct differences. In the young specimens the distal increase in the stem 
is not apparent so far as preserved. The species is one of the earliest Carboniferous occur- 
rences of the genus, being found in the same locality and beds immediately succeeding the 
Devonian with T. kelloggi, from which it is thoroughly distinct. 

Hall figured under this species three specimens, of which only the first one, figure 3 of 
the Ohio Report, belongs here. The others, Palaeontology of Ohio, plate 12, figures 4 and 5, 
must go under Forbesiocrinus. 

Types. Hall’s original, Plate LII, figure 1 herein, and those of figures 2 and 3, are in the 
New York State Museum, Albany ; that of figure 4 is in the author’s collection. 

Horizon and locality. Lower Carboniferous, lowest part of Waverly group, Cuyahoga 
shales ; Richfield, Ohio. 


Taxocrinus kelloggi (Hall) 
Plate LII, figs. 5a-c 


Forbesiocrinus kelloggi Hall, Prelim. Notice 17th Rep. New York St. Cab. Nat. Hist., 1863, p. 7; Final 
Rep., 1864, p. 56—Hall and Whitfield, Geol. Surv. Ohio, Pal., II, 1875, p. 171, pl. 12, fig. 1. 
Taxocrinus kelloggi, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140; Geol. Surv. 
. Illinois, II, 1866, p. 270——Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 49. 


A small species, with elongate crown and broad, low base; height to width 
at second axillary 1.6 to 1. Calyx broadly rounded below, spreading rapidly to 
radials, thence but little to [Ax; spread from base to middle of RR, I to 2.2; 
from RR to IAx, 1 to 1.2. [Br diminishing upward. Arms heavy, deeply 
rounded, tapering but little, and strongly divergent leaving wide iBr spaces; 
bifurcating three times before infolding, with strong nodes on the axillaries; 
sutures arcuate. Surface otherwise smooth. Height of crown, 21 mm.; width, 
13 mm.; base, 4 mm. 

IBB low, visible; BB small, acute-angled. RR the largest plates in the 
calyx. IBr smaller, and narrowing upward to the axillary, which is about as 
wide as the next preceding plate. IBr 3; IJBr 5; IIJBr 5 to 7. Anal tube 
slender, composed of elongate plates; iBr 1, followed by perisome. Column 
large at calyx, with very thin columnals, tapering gradually, with alternate 
ossicles becoming longer and convex. 
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This species is readily distinguished from T. communis, its fellow of the same horizon 
and locality, by its large radials and diminishing primibrachs, and the consequent broadly 
rounded calyx; wide interbrachial spaces, and nodes upon the axillaries ; also by the form of 
the stem. It is more nearly like 7. lobatus of the Devonian, which has the same nodose axil- 
laries and heavy arms, but differs in the smaller radials and the very large anal tube. 

Type. But a single specimen is known, and that is in the New York State Museum, 
Albany, New York. 

Horizon and locality. Base of the Lower Carboniferous, lower part of Waverly group, 
Cuyahoga shales; Richfield, Ohio. 


Taxocrinus intermedius Wachsmuth and Springer 
Plate LIIT, figs. 1-6 


Taxocrinus intermedius Wachsmuth and Springer, Proc. Acad. Nat. Sci. Philadelphia, 1888, p. 344, pl. 18, 
figs. 1a-e; Geol. Surv. Illinois, VIII, 1890, p. 109, pl. 15, fig. 11; N. A. Crinoidea Camerata, 1807, 
pl. 3, fig. 11, pl. 8, figs. 5a, b—Von Zittel; Grundzuge Palaeontologie, 1895, p. 138, fig. 272.—Zittel- 
Eastman, Textbook Paleontology, 1806, p. 164, fig. 272 (2d Ed., 1913, p. 178, fig. 276, and p. 206, 
fig. 306).—Bather, Geol. Mag. (Dec. IV), V, 1808, p. 524; Treatise on Zoology (Lankester), pt. 3, 
1900, p. 126, fig. 37. 


A large species. Crown low, broad and massive, broadly rounded below; 
height to width at about []Brs 1.2 to 1. Calyx relatively low, hemispheric, 
height to width at [Ax, I to 2. Spread from column facet, 1 to 3.3; side outline 
evenly convex. Rays broad, and not projecting above level of iBr. Arms heavy 
below, tapering rapidly from I[Br to small finials, with short divisions to four 
bifurcations beyond which they infold. Sutures moderately sinuous. iBr 
numerous, large, and about flush with rays; areas not depressed. Surface 
smooth, Dimensions of large normal specimen: Crown, 42 mm. high by 35 
mm. wide; base, 10 mm. 

IBB low, barely visible beyond column. BB fairly large; post. B high and 
much wider than others, encroaching on space of r. post. R which is smaller than 
its fellows. RR over twice as large as BB, and nearly twice as wide as long, 
except r. post. R, which is reduced in width by encroachment of first plate of 
_anal series. IBr 3, exceptionally 2, similar to RR, continuing about the same 
size and nearly uniform except for the axillary [Br 3; I[Br 3, exception- 
ally 4, large, not diminishing upward. II]Br 3 or 4 inner, 5 or 6 outer; brachials 
5 or 6 to 8 or 9g in next division; the last two divisions diminishing in size rapidly 
from one bifurcation to another, and having very short brachials. Anal tube 
relatively rather small, composed of plates about as long as wide,,connecting at 
each side with finely plated perisome; first plate large, resting in a deep 
socket at right side of post. B and encroaching on r. post. R. iBr consisting of 
a number of large plates, having a crescentic distal margin curving to the rays 
at about the top of the first axillary; they are succeeded by fine perisome con- 
necting at the inner distal margin, and extending like a pouch high up the rays 
to about the upper I] Br; similar heavy iBr plates in less number occur in the 
second and third axils. Column large, flush with the infrabasal ring ; composed 
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near the calyx of very thin columnals and as far as known tapering rapidly 
downward. 


This species is notable for being the one in which the true structure of the tegmen in 
the Flexibilia was discovered. An elaborate description of it was given by Wachsmuth and 
Springer in 1888, and their figure of the principal specimen has been repeatedly copied in 
general works on paleontology. I give a somewhat better figure of the ventral side, enlarged 
to two diameters (Pl. LIII, fig. 1b). The tegmen consists of a thin and pliant skin, thickly 
paved with small calcareous plates in close contact, but without definite arrangement. At the 
oral center there is an open mouth surrounded by five large unsymmetrical parted oral plates, 
elliptic in outline and of three sizes. The posterior oral is very much the largest, the two 
anterior less than half as large, and the two lateral orals again scarcely half as large as the 
latter ; these plates are all quite thick, and the smaller ones, from which the perisome has 
somewhat fallen away, stand out like pegs. Five large, strongly plated ambulacra, with 
short, interlocking covering plates, pass out from the mouth between the orals, bifurcating 
over the radial axillaries, and traversing the perisome to about the lower I1IBr—thus giving 
two bifurcations before the arms become free. The anal series of plates is attached to the 
perisome at the posterior side and finally merges in it; the folds in the perisome where the 
tube is pushed to one side can be well seen in figure ta. 

The specimen in which these structures are so beautifully preserved was obtained by 
Wachsmuth and myself in the summer of 1888, when upon a collecting expedition at the 
extensive quarries in the Kinderhook limestone at Legrand, Marshall County, Iowa. It has 
been slightly compressed vertically, and as discovered the rays were broken off; the upper 
part of the specimen was imbedded in a very fine-grained, perfectly homogeneous deposit of 
firm, calcareous mud. The favorable position of the expanded rays, coupled with the 
unusually fine preservation of the crinoids of that locality, encouraged the hope that we 
might have here the means of ascertaining the actual ventral structure of this group, as to 
which there had been much and diverse speculation. This hope was realized after long and 
patient cleaning of the specimen by removing the matrix with fine tools under a strong magni- 
fier; and the result was a complete modification of previously prevailing views as to the 
essential tegminal structure of the Flexibilia and the classification of the group, as was set 
forth in the publication which followed. It is rare in the history of paleontology that the 
discovery of a single specimen has thrown such a flood of light upon the larger questions 
affecting a given group. The character and extent of the perisome, without the ventral 
structures, are well shown in the three other large specimens figured on Plate LIII. The 
sutures in several of the specimens do not appear to be very sinuous in the lower parts; this 
is largely due to the effect of cleaning from a very fine adherent matrix, and to the unusual 
thinness of the patelloid projections in this species; but the usual structure prevailed to a 
moderate degree. 

This species marks the opening of a line of development in Taxocrinus, characterized 
by a profusion of strong interbrachial plates forming an essential part of the calyx wall, 
which continued through a number of well-marked and abundant species until the extinction 
of the genus. The last three small species surviving in the Warsaw to Kaskaskia are very 
much like it in habitus. It exhibits some variability in the construction of the calyx as to 
the generic character based upon the number of primibrachs, some specimens having in part 
of their rays only 2 IBr instead of 3. This instability looks more formidable in the figures 
than it really is, because the specimen showing it most conspicuously happens to be very 
thoroughly figured (Pl. LIII, figs. 2a, b, c). In six specimens in which 24 rays are exposed, 
18 of them have 3 [Br, and 6 have 2, and in the latter there is a tendency to compensate for 
the deficiency in IBr by an increase of IIBr; out of 42 rami showing the IIBr, 34 have 3, 
and 8 have 4. Hence there can be no doubt that the normal structure in the species is 3 [Br 
and 3 IIBr. 
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Upon the mere statement of diagnostic characters the species does not appear so very 
different from 7. ramulosus of the Upper Burlington, but with the specimens or the figures 
for comparison they could never be confounded. The massiveness of the calyx compared 
with the smallness and rapid tapering of the free arms, and the almost even curvature of the 
calyx wall without depression at the interbrachial areas, are entirely characteristic ; while the 
peculiar reduction in width of the right posterior radial caused by the large size of the pos- 
terior basal and the low lateral position of the first anal plate is unusual among Carboniferous 
species, suggesting a migration of the radianal from the primitive position among the more 
ancient forms. 

Types. The first publication of the name of the species, with a complete description and 
figures of specimens, was in the Proceedings of the Philadelphia Academy of Natural 
Science in 1888, although’a description, with a figure of another specimen, had been previ- 
ously prepared by the same authors for volume 8 of the Reports of the Geological Survey of 
Illinois. The Illinois Report did not appear until 1890. Therefore the types of the species 
are the specimens figured in 1888, viz., the originals of figures 1, 2 and 3 of Plate LIII herein, 
which are in the author’s collection; as are also those of figures 5 and 6. The fine speci-_ 
men figured in the Illinois Report, and refigured here (fig. 4), is in the Walker Museum, 
University of Chicago. 

Horizon and locality. Base of the Lower Carboniferous, Kinderhook group; Legrand, 
Marshall County, Iowa. 


Taxocrinus pustulosus n. sp. 
Plate LIV, figs. 19-20 

I have figured under this name a strongly ornamented species occurring at 
various localities in the Knobstone of Kentucky and Indiana, of which only the 
arms and detached fragments have as yet been found; the calyx is entirely 
wanting. It is a large species, with heavy, deeply rounded arms tapering slowly 
for four or five bifurcations, somewhat similar to T. ornatus of the Lower Bur- 
lington; but it is distinguished by having the surface throughout covered with 
sharp, closely placed pustules, instead of wrinkles on the arms as in the Burling- 
ton species. A number of fragmentary specimens have been found showing 
the characters of the arms, and the ornamentation is very prominent and 
constant. 

Types. Author’s collection. 


Horizon and locality. Lower Carboniferous, New Providence shales of the Knobstone 


Group ; near Henryville and other localities in Clark County, Indiana; Button Mould Knob. 
Kentucky. 


SS 
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Taxocrinus juvenis (Hall) 
Plate LIV, figs. 3-11 


Forbesiocrinus juvenis Hall, Boston Jour. Nat. Hist., VII, 1861, p. 319; Prelim. Descr. new species 
Crinoidea, 1861, p. 8; Bull. I, New York St. Mus., Photographic Plates, 1872, pl. 7, fig. 3. 

Taxocrinus juvenis, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140; Geol. Surv. 
Illinois, II, 1866, p. 271—Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1870, p. 49.— 
Whitfield, Mem. Amer. Mus. Nat. Hist., I, 1803, p. 35, pl. 3, figs. 21, 22. 


A variable species, usually of small size. Crown elongate, turbinate below, 
with narrow base; height to width at second axillary, 1.5 to 1. Calyx to [Ax 
almost as high as wide, about I to 1.1; spread from base, I to 2.8, with side out- 
line gently curving. Arms tapering rapidly from I1Br to fine extremities, in- 
folding usually about the third bifurcation; sutures broadly sinuous to arcuate. 
iBr spaces wide, plates small passing into a strong perisome. Surface smooth. 
Dimensions of type: crown, 18 mm. high by 11 mm. wide; base, 3 mm.; an un- 
usually large specimen is 33 mm. high by 18 mm. wide, but the average of seven 
specimens as usually found is about 13 mm. high by 9 mm. wide. 

-IBB low, visible; BB fairly large. RR and IBr about twice as wide as long, 
of similar form and size throughout. IBr 3; 11Br usually 4, sometimes 3 in part 
of the rays, of nearly uniform size. Higher brachials in rather long divisions 
diminishing rapidly at each bifurcation. iBr small in average specimens, with 
strong perisome in larger ones. Column large, long, slightly enlarging at calyx 
and passing into long, nearly uniform columnals a short distance below; in a 
small specimen of average size, not figured, it is 170 mm. long, with almost 
uniform columnals about as long as wide throughout its entire length below the 
upper 25 mm. 


This species is readily distinguished from the other Lower Burlington Taxocrinus by 
its perfectly smooth surface and rapidly tapering arms; less easily in superficial appearance 
from T. ramulosus of the Upper Burlington, especially in young specimens with the inter- 
brachials little developed; that, however, is of a decidedly shorter habitus, having usually 
3 IIBr, and its interbrachial system is much farther advanced. T. juvenis, though generally 
of an elongate tendency, shows some variation in the number of lower brachials, some speci- 
mens having 3 I[Br in part of the rays, and one (fig. 9) has only 2 IBr all around. It is 
characteristically a small-sized species. I have twelve specimens, averaging about like those 
of figures 3-9. Figure 10 shows an extremely mature specimen, as indicated by the crowded 
condition of the interbrachial areas, and no other nearly so large has been seen. The specimen 
figured Ila, b is an interesting example of the modification of shape caused by accidents in 
fossilization ; from figure 11a alone one would suppose, as I did, that with so very short and 
broad a calyx it must belong to a different species from the elongate forms accompanying it ; 
but I found that this was mainly due to accidental expansion caused by pressure of a large 
stem fragment which has pushed in the entire opposite calyx wall, as shown in figure I1b. 
The originals of figures 10 and 11 are much weathered, and the patelloid sutures to a large 
extent obliterated. 

In the Memoirs of the American Museum of Natural History, volume 1, part 1, being a 
“ Republication of descriptions of Lower Carboniferous Crinoidea from the Hall collection 
in the American Museum, with illustrations of the original type specimens not heretofore 
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figured,” plate 3, figures 21, 22, Professor Whitfield figured a specimen without arms as the 
type of the species.: This was an error. The type specimen, as stated by Hall (Boston 
Journal, vol. 7, p. 320) was in the collection of the Rev. W. H. Barris, which was acquired 
afterward from him by the Museum of Comparative Zoology, Harvard, and is the one 
figured herein (Pl. LIV, fig. 3). It bears the label with the original number as received from 
Dr. Barris, in Whitfield’s handwriting, and a figure of it drawn by him was reproduced by 
Hall as plate 7, figure 3 in the Photographic Plates printed in 1872 under title of State 
Museum Nat. Hist., Bull. I. 

Type. Collection of Museum of Comparative Zoology as above stated. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone; Burlington, 
Iowa. 


Taxocrinus ornatus n. sp. 
Plate LIV, figs. 12-13 

A large sized species. Crown elongate, moderately spreading below; height 
to width at about the eighth axillary 1.7 to 1. Calyx at JAx, 1 to 2.6, with 
spread from base in same proportion. Arms long, strong, tapering very slowly 
with relatively short divisions to four bifurcations, with another division in the 
outer rami, beyond which the arms infold in coils of several whorls; sutures 
strongly arcuate. iBr spaces wide, with few plates. Surface of calyx plates 
and lower brachials covered with thinly scattered pustules, which become con- 
fluent.in the arms, forming distinct longitudinal parallel wrinkles on all the 
higher brachials. Dimensions of crown in principal type specimen: height, 
50 mm.; width, 29 mm.; base, 8 mm. 

IBB not preserved, probably low; BB low pentagons with obtuse angles. 
RR and [Br of similar form and size, about two and one-half times as wide as 
long, slightly increasing upward (a plate wanting in one ray). IBr 3; I[Br 
usually 4, slightly diminishing upward: IIIBr 5 or 6 inner and 7 or 8 outer; 
IV Br 8 or 9 outer and 12 or 15 inner, with at least one more division in the outer 
rami at about the fifteenth brachial. iBr 3 or 4, small with small ilIBr also 
present. Anal tube and column unknown. 


The high ornamentation of the arms distinguishes this species from all the preceding, 
as well as from others in the Burlington limestone. It is very rare; only one fragment has 
been found in all the collections in addition to the beautiful type shown by figures 12a, b. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, Lower Burlington limestone; Burlington, 
Iowa. 
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Taxocrinus nobilis (Phillips) 
Plate LIV, figs. Ta-c 


Poteriocrinus ? nobilis Phillips, Geology Yorkshire, II, 1836, p. 205, pl. 3, fig. 40—(Poteriocrinites) 
Goldfuss, Nova Acta Acad. Leop. Carol-Nat. Cur., XIX, 1830, p. 351—D’Orbigny, Prodr. Pal. 
Stratigraphique, I, 1849, p. 157.—(Troost MS.), Wood, Bull. 64, U. S. Nat. Mus., 1909, p. 82. 

Isocrinites nobilis Phillips, Pal. Fossils Cornwall, 1841, p. 30——Austin and Austin, Ann. and Mag. Nat. 
Hist., X, 1842, p. 108. 

Cladocrinites nobilis, Austin and Austin, Ann. and Mag. Nat. Hist., XI, 1843, p. 197. 

Taxocrinus nobilis, Morris, Cat. British. Fossils, 1843, p. 59 (2d Ed., 1854, p. 90).—Geinitz, Verstein. 
Grauwacken Formation in Sachsen, 1853, p. 72, pl. 20, fig. 11—Wachsmuth and Springer, Revision 
Palaeocrinoidea, pt. 3, 1886, p. 144——Whidborne, Mon. Devon. Fauna S. of England, III, pt. 3, 
Pal. Soc. London, 1899, p. 216.—Springer, Amer. Geologist, XXX, 1902, p. 91; Jour. Geology, XIV, 
1906, p. 492. 

Cyathocrinus nobilis, Roemer in Bronn, Lethaea Geognostica, I, 1852-54, p. 236. 

Dimerocrinites nobilis, Pacht, Beitr. Kenntn. Gattung Dimerocrinites, 1852, p. 7. 


A very large and massive species. Crown subturbinate, almost as broad as 
high, expanding gradually to about the level of the first 1VBr, where height to 
width is about 1.2 to 1. Calyx 1 to 1.3 at [Ax, with spread from base of I to 
1.2. Arms very heavy, deeply rounded, tapering but little, and diminishing 
much less than half at the bifurcations; divisions rather short to the third bifur- 
cation, infolding about the fourth; sutures broadly sinuous. iBr few and small, 
and areas narrow. Anal tube small. Surface smooth or finely tuberculose. 
Dimensions of crown in type: height, 53 mm.; width, 45 mm.; base at column 
facet, 10 mm. 

IBB small, hidden by column, and within the basal ring. BB small, appear- 
ing in low pentagons beyond the column; post. B narrow above, with a small 
excavated socket for support of first plate of the anal series. RR and lower 1Br 
rather similar in form and size, increasing gradually in width to the axillary 
which is still wider. [Br 3; I[Br 4 or 5, nearly as wide as [Br, and over three 
times as wide as long; IIIBr 5 or 6, and 7 or 8, about two-thirds as wide as II Br 
and of similar proportions; higher divisions diminishing in about the same pro- 
portion. Anal area larger than the others; tube evidently small, socket not en- 
croaching on adjacent radials. iBr a few small, elongate plates in narrow 
areas. Column not preserved, but facet large, as wide as the truncate base. 


The arms of this species are ponderous for this group, and by having the brachials of 
each order more than half the size of their predecessor the rays increase in width in each 
division, filling up the spaces; this leaves little room for interbrachials, and causes the crown 
to continue expanding almost until the arms infold. The species bears little resemblance to 
any other, the one that seems actually nearest being that represented by some imperfect sets 
of arms, which I have named T. pustulosus, from a substantially equivalent horizon of the 
American Lower Carboniferous. T. nobilis was identified by De Koninck and Le Hon with 
the specimens from the Belgian Mountain limestone on which they founded their genus 
Forbesiocrinus; but they were doubtless led to this by the strong rays, for the specimens are 
not otherwise similar, even generically. This is fully discussed under Forbesiocrinus, where 
the reasons for this opinion are shown in detail. 
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I have, however, in recent years obtained a specimen from the Tournai limestone of 
Belgium (Pl. LIV, figs. 2a, b) which is a true Taxocrinus, and which according to the notions 
of species prevailing in De Koninck’s time would be referred to T. nobilis without the least 
doubt, as in fact I did when it was first obtained. It now seems impossible to maintain the 
identity of the two forms owing to the condition of the infrabasals in the type, which are 
entirely within the ring of basals—the character on which I founded one of the families in 
the other large division of the Flexibilia. I have not found another case so pronounced as 
this among the Taxocrinidae, and therefore consider it a variation from the normal. With 
a number of specimens we might find intermediate stages, but having only the one, so 
thoroughly well preserved as Phillips’s type, we can scarcely ignore this as a specific charac- 
ter. I have therefore separated the Belgian form, chiefly on this character although there 
are some others. 

Type. In the Gilbertson collection, British Museum of Natural History, London. The 
specimen is unique. 

Horizon and locality. Lower part of the Lower Carboniferous, or Mountain limestone, 
equivalent to the Lower Burlington—Choteau—Knobstone of the United States; Yorkshire, 
England. 

Taxocrinus belgicus n. sp. 
Plate LIV, figs. 2a, b 


A small species founded upon the specimen from the Belgian Lower Car- 
boniferous mentioned under 7. mobilis, which I have separated chiefly because it 
has the infrabasals visible outside the column and upon the dorsal side of the 
basals instead of within them. It also differs in the greater width of the pos- 
terior basal, and more convex form of the calyx. The specimen is small, less 
than half the size of the other—the figure being enlarged to two diameters. It 
is notable for being the only example of true Tavocrinus thus far discovered in 
the Belgian rocks. 


Type. Author’s collection. 
Horizon and locality. Lower Carboniferous, Tournai stage; Tournai, Belgium. 


Taxocrinus ramulosus (Hall) 
_ Pilate LIV, figs, 14-715 


Forbesiocrinus ramulosus Hall, Supplement Geology Iowa, 1860, p. 67. 
Taxocrinus ramulosus, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 40. 
Forbesiocrinus subramulosus Shumard, Trans. Acad. Sci. St. Louis, II, 1866, p. 372. 


A medium-sized species. Crown low and broadly subturbinate, with 
strongly prominent rays; almost as wide as high at the III Br; height to width 
of average specimen, 1.2 to 1. Calyx to IAx broadly pentagonal; height to 
width, 1 to 2, with spread from base of 1 to 3.6. Rays relatively narrow below, 
strongly convex and raised above the level of adjacent plates; arms strongly 
divergent, not tapering rapidly until beyond the third bifurcation, where they 
infold; divisions rather short. Sutures but little sinuous except in the higher 
brachials. iBr numerous, areas broad and depressed below level of rays. 
‘Surface smooth. Dimensions of crown in adult specimen: height, 25 mm.; 
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width, 21 mm.; base at column facet, 4.5 mm.; maximum specimen, 30 mm. high 
by 24 mi. wide. 

IBB very low, barely visible. BB fairly large; post. B not greatly exceed- 
ing the others and not encroaching on r. post. R. RR and IBr except the axil- 
laries similar in size and form, less than twice as wide as long, without marked 
taper; R somewhat the largest. [Br 3; I/Br usually 3, about uniform, the 
divisions being at a wide angle; II] Br 4 or 5, and 7 or 8. Anal tube rather 
small, composed of plates somewhat longer than wide, the first one not mate- 
rially encroaching on r. post. R. iBr numerous, extending into the second and 
third axils, the distal margin of primary area concave and curving to meet 
the brachials; plates in all areas more or less depressed below level of brachials. 
Column of the common type for the genus, enlarging at the calyx with very 
thin columnals, and diminishing downward with the alternate columnals becom- 
ing longer. 

The tegmen in this species extends high up between the IIIBr, the development of iBr 
in this respect being more extensive than in any other species of similar size. In strictness 
that should be considered the limit of the calyx, but to facilitate comparison I continue to 
measure it at the arbitrary height of the top of the first axillary. The species is perhaps 
nearest to the antecedent T. intermedius of the Kinderhook, and is in the same line of devel- 
opment; but the whole habitus is different, and with its widely divergent arms, low inter- 
brachial areas and highly rounded rays, it is readily distinguished from that species. It is 
not so easy to point out good characters to distinguish it from 7. giddingei of the Warsaw 
limestone, which will be considered under that species. The possession of a good series of 
specimens enables me to show that in this Burlington species the 3 IBr of the typical Taxo- 
crinus had become well established, for among 16 there is no departure from the rule. 
Tabulation of the data from these also shows that with slight exceptions the 3 I1Br is the 
normal character for this species, in contrast with T. juvenis of the Lower Burlington with 
4 or 5; in other words it is essentially a shorter form. Among the 16 specimens in hand, 
97 rami are exposed having IIJBr as follows: with 2, 5; 3, 75; 4, 17; that is to say, 82 per cent 
have 3 IIBr or less; and in no specimen are there 4 in all the rays. It happens that a specimen 
probably studied by Hall had 4 I/Br in some rays, and he so described the species. 

This species was first described by Hall, without figure, under Forbesiocrinus. Shumard 
in his Catalogue of 1866, having first assumed that Onychocrinus was a synonym of that 
genus and having therefore placed the O. ramulosus of Lyon and Casseday under Forbesio- 
crinus, found that he had two species under the same name; so he proposed F. subramulosus 
for the present form. But as it is clear that neither belongs to the genus under which he 
listed them, Shumard’s proposed name must give way to the original. As above indicated, 
the species is well represented, and was well known to all the early Burlington collectors as 
the one described by Hall. Good specimens are in the Museum of Comparative Zoology, 
Harvard, and other collections. 

Types. The species was never figured, and the record of Hall’s original is lost. There 
is a specimen in the Worthen collection, University of Illinois, among other types which were 
studied by Hall, and this is probably the type, but there is no way of determining it. The 
other specimens figured and used in the study are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone; Burlington, 
Towa. 
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Taxocrinus ungula Miller and Gurley 
Plate LV, figs. I-10 
Taxocrinus ungula Miller and Gurley, Bull. 8, Illinois St. Mus. Nat. Hist., 1896, p. 59, pl. 5, figs. I, 2. 

A large species. Crown short, broad, turbinate, widely spreading to 
fourth bifurcation, with rays very conspicuous; height to width 1 to 1. Calyx 
obconical, with nearly straight sides; height to width at [Ax, 1 to 2; spread 
from base, I to 2.4. Rays and their divisions deeply convex and prominent, 
usually diminishing markedly at the II]Br, and bifurcating by wide angles, 
like the claws of a bird; beyond this the arms are strong, tapering slowly, and 
with rather long divisions; sutures strongly arcuate. iBr numerous, spaces 
wide and depressed. Surface smooth. Dimensions of crown in large mature 
specimen: height, 54 mm.; width, 48 mm.; base, 15°mm.; in young specimen: 
height, 10 mm.; width, 13; base, 3. 

IBB very low, forming a flat ring like a thickened columnal; without 
salient angles visible externally. BB of good size, with acute angles; post. B 
large and broad, with large socket on right shoulder for first anal plate. RR 
and IBr not markedly differing in size, diminishing slightly upward, about 
twice as wide as long. [Br 3; [1 Br 3, almost as large as the preceding; III Br 
about 4 and 6, of even size, two-thirds as large as I] Br and over twice as large 
as the plates following, with little diminution in the next succeeding division. 
Anal tube large and long, the plates rather shorter than wide, and bordered 
with coarsely plated perisome which at the bottom may resemble regular inter- 
brachials; first plate often wide, encroaching somewhat on r. post. R. iBr 
strong and profusely developed to the upper II Br, with crescentic distal margin, 
and wide areas depressed below level of the rays; similar and successively 
smaller plated areas occur in the second and third axils, separating the brachial 
divisions by wide angles. Column large, flush with the base; proximal 
columnals extremely thin, diminishing in diameter slowly until they alternate 
with longer ones. 


The claw-like appearance of the rays is a marked and constant character of this fine 
species, by which it can be recognized from imperfect fragments. The form is a further 
development of the habitus of T. ramulosus, of which it may well be the lineal descendant. 
It is remarkably constant in all its characters, as shown by a magnificent series of 17 finely 
preserved specimens, varying from maximum adults upwards of 50 mm. in height and width 
to the young of only 10 mm. in height in which the turbinate form is equally conspicuous. 
The contrast with T. colletti in this respect is well shown by a young specimen on Plate LV, 
figure 11. There is practically no variation in the number of IIBr; in the sixteen specimens 
144 rami are visible, and of these only five have more than 3 I]Br. Figures 6 and 7 of 
Plate LV show the only variations observed, being the less conspicuous diminution of the 
arms at the IIIBr, and greater elongation of these plates. The increase of interbrachials 
from the young to adult stage is well shown by these specimens. 
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Types. Miller and Gurley’s original is in the Walker Museum, University of Chicago. 
The other specimens figured and used in study are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Keokuk Group; all from two colonies at 
Indian Creek, Montgomery County, Indiana, at a horizon below that of the Crawfords- 
ville bed. 


Taxocrinus colletti White 


AGS ROG, igh Ais JEIA, jtlgh mee ILIA, ngs, mene ILVAU, GS. THO 


Taxocrinus multibrachiatus var. colletti White, 2d Ann. Rep. Stat. and Geol. Indiana, 1880, p. 506, pl. 6, 
fig. 3 (another edition 1881, p. 138). 

Taxocrinus colletti, Miller and Gurley, Bull. 3, Illinois St. Mus., 1894, p. 49; ibid., Bull. 8, 1896, p. 56.— 
Zittel-Eastman, Textbook Paleontology, 1913, p. 206, fig. 307. 

Forbesiocrinus mecki, Quenstedt (not Hall) ; Handbuch Petrefaktenkunde, 1885, p. 946, pl. 75, figs. 24, 25. 

Taxocrinus meeki, Von Zittel (not Hall), Grundztige Palaeontologie, 1805, p. 138, fig. 273; Zittel- 
Eastman, Textbook Palaeontology, 1896, p. 164, fig. 273. 

Taxocrinus splendens Miller and Gurley, Bull. 8, Illinois St. Mus., 1896, p. 61, pl. 5, figs. 3, 4; Springer, 
Jour. Geology, XIV, 1906, p. 480. 

Taxocrinus multibrachiatus collectionum. 

Not Forbesiocrinus multibrachiatus Lyon and Casseday, Amer. Jour. Sci. (2) XXVIII, 1850, p. 235. 


A representative and highly characteristic species of the genus Tavocrinus. 
Specimens attaining a large size. Crown elongate, moderately rounded below, 
widest about the third bifurcation, and usually infolding shortly above the 
fourth; height to width about 1.4 to 1. Calyx 1 to 2.5 at JAx in average large 
specimen; in smaller ones narrower, I to 1.2; spread from base, I to 3.2. Rays 
strong and prominent, broadly convex in lower divisions; arms tapering evenly 
and without marked change until beyond the third axillary, and not strongly 
divergent; sutures strongly arcuate. Interbrachials well-developed; areas 
depressed, fairly wide, elongate, with numerous strong plates in lower portion. 
Surface covered with a very close pustulose or sometimes slightly wrinkled 
ornamentation. Dimension of representative large specimen: Crown, 54 mm. 
high; 35 mm. wide; base, 9 mm.; calyx, 11 mm. high by 28 wide. Small speci- 
mens: Crown, 10 mm. high by 7 wide; base, 3; calyx, 6 by 6.5 mm. 

IBB very low, not within BB, but visible only as a thin line like a top 
columnal. BB small, less than half the size of RR, low, and obtuse-angled 
except post. B; this plate is very high, its distal margin well rounded in a dorso- 
ventral direction, with a shallow scar for attachment of first one or two anal 
plates extending more than half-way down its outer surface; usually rather 
to the right of the median line, but not encroaching on r. post. R. RR about 
the form and size of succeeding IBr, which are half as long as. wide. IBr 3; 
I] Br 3 in most cases, frequently 4, nearly as large as [Br and of similar form; 
I1IBr 5 or 6 inner, 8 or 10 outer; the next division proportionally larger. 
Brachials above II Br proportionally shorter than below, being often only one- 
third as long as wide. iBr 6 to 10 strong plates, with rounded and crescentic 
distal margin connecting with finely plated perisome at the inner edge; in 
young specimens there may be only 1 or 2 plates, or none at all. There are 
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several plates in the second axil, usually arranged longitudinally, and occa- 
sionally one in the third, only separating the ray divisions by a narrow angle. 
Anal tube narrow, composed of elongate plates, bordered on either side by 
rather weak perisome which readily breaks down, so that rarely are more than 
two or three tube plates found intact in the best preserved specimens; margins 
of posterior rays facing tube rounded, and without sutural faces. Column 
large and long, composed near the calyx of extremely thin columnals, varying 
progressively from 4 to the millimeter in young specimens to 3 and 2.5 to the 
millimeter in mature (Pls. LVI, figs. 10, 8, 5; LVI, figs. 1, 2) ; these continue 
with slightly diminishing diameter for a short distance—2 mm. in young to 
about 15 mm. in mature—when the column suddenly and abruptly contracts 
I to 2 mm.; here somewhat longer columnals begin to be interpolated and 
continue until near the distal end. Some of these slightly project and their 
edges are studded with small cogs or teeth (PI. LVI, figs. 5b, 6); in some 
specimens these denticulate columnals occur at regular intervals (PI. LVII, 
fig. 2), while in others they are closely crowded together so that each columnal, 
or every other one, appears to be of this character (Pls. LVI, figs. 3a, 5; 
LVHU, fig. 1). The column near the distal end tapers to a fine, branched root, 
with a few very strong cirri in the lower part (Pl. LVI, fig. 3b): in young 
specimens it regularly tapers distally from the point of contraction. Column 
of a mature specimen about 480 mm. (20 inches) ; length of proximal enlarged 
part in mature specimen, 15 mm., in young, 2 mm.; diameter in mature speci- 
men at top of enlargement, 8.5 mm.; at bottom, 7 mm.; below enlargement, 
5 mm.; in a young specimen with enlarged part 2 mm. long the diameter at top 
of enlargement is 2.7 mm.; at bottom, 2 mm.; and below, 1.5 mm. 


This is the widest known species, not only of Taxocrinus but of the entire Flexibilia 
group. Next to Platycrinus hemisphericus it is one of the most abundant species at the 
celebrated Lower Carboniferous locality of Crawfordsville, Indiana, and during the last 
fifty years has been distributed among the principal museums of the world. It is singular, 
therefore, that it should not have been described at an early day along with, the other abun- 
dant crinoids of that locality, and that, although often mentioned and figured, it should 
remain for me at this late day to bring to light out of a mass of confusion and misunder- 
standing the name by which under the rules of nomenclature it must be known. The species 
is known in collections the world over under one of two names, viz., Taxocrinus (or For- 
besiocrinus) multibrachiatus, and Taxocrinus (or Forbesiocrinus) meeki. In the early 
collections made by Worthen, Corey, Hovey, Bradley, Bassett, Braun and others, it was 
labelled Forbesiocrinus meeki upon the authority of Hall, whose species of that name was 
founded upon a very imperfect specimen without the arms preserved which was found in the 
lower part of the western Keokuk on the Mississippi River, and which moreover does not 
belong to Taxocrinus. That specific name accompanied the specimens of the Crawfordsville 
species into most of the European and many of the American collections. Good figures of a 
characteristic specimen of it were published by Quenstedt in 1885 (Handb. Petref., vol. 4, 
p. 946, taf. 75, figs. 24, 25) under Forbesiocrinus; and by Von Zittel in 1895 under Taxo- 
crinus (Grundztge Pal., p. 138, fig. 273). 
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In all collections and exchanges labeled by Wachsmuth the name Taxocrinus multi- 
brachiatus Lyon and Casseday was applied to the fossil. The latter species, under the genus 
Forbesiocrinus, had been described by Lyon and Casseday along with some other well- 
known Crawfordsville species upon specimens said to be from Montgomery County, Indiana, 
and other localities, but without any published figures; as the description agreed in a general 
way, the present abundant form was supposed to be the one intended. By this means their 
name became established for the crinoid under consideration in the collection of the Museum 
of Comparative Zoology at Harvard; and in that of Wachsmuth and Springer. Now 
Lyon’s species, multibrachiatus, as is clearly demonstrated by examination of his type speci- 
men and by comparison with numerous other good specimens obtained in the same county, 
but from another locality and horizon, is an entirely different thing, having a solid anal side 
and being a true Forbesiocrinus. Hall’s F. meeki also proves not to belong to this species or 
genus, but to Parichthyocrinus. Therefore those two species are eliminated from considera- 
tion in connection with this. 

In 1880 Dr. White, sharing Wachsmuth’s opinion of the identity of the common Craw- 
fordsville form with Lyon’s species, described and figured what he took to be a variety of it 
under the name Taxocrinus multibrachiatus var. colletti. He proposed his variety upon the 
supposed fact that it had 5 primary radials (R+4 IBr) in the anterior ray. This is not the 
case, as his own figure shows—drawn by some one who did not understand the specimen; 
the fourth plate is the axillary, as appears beyond a doubt by the shape of the plate which is 
angular above instead of having a concave waving suture line as all the non-axillary plates 
have. The type specimen, formerly in the collection of Professor John Collett of the Indiana 
Department of Geology, and supposed to have gone into the State Museum, cannot be located. 
But the figure, though carelessly drawn and plainly incorrect in some details, shows a thor- 
oughly characteristic specimen of this species, a little more elongate than the average 
(Pl. LVI, fig. 1). The stem, with its abrupt change from the thin proximal columnals to 
some other structure not well shown and probably not properly exposed in the specimen by 
preparation, tells the story with absolute certainty; and the usual pustulose ornamentation 
is also present to reinforce the identification. So White really figured and described a per-. 
fectly normal specimen having the characteristic structure of the species, and it must there- 
fore take his name in a full specific sense. But for this Quenstedt’s figures, which are easily 
recognizable, would have taken the species under T. meeki Quenstedt (not Hall). 

Miller and Gurley’s T. splendens is founded upon an average specimen of the species, 
with the characteristic stem and pustulose surface, as can be readily seen by comparing the 
figures in Bulletin 8, Illinois State Museum, plate 5, figures 3, 4, with those on the two 
plates herein. The authors in the same volume, page 8, expressly recognized White’s variety 
as a good species, but did not point out wherein their own differed from it, contenting them- 
selves with their frequent conclusive declaration in such cases, that there is no described 
species for which it can be mistaken, “‘ by anyone competent to make a comparison.” 

Taxocrinus colletti is a thoroughly well-marked species, standing between T. ungula 
and T. praestans and perfectly distinguished from both, in addition to other characteristics, 
by its remarkable stem. The peculiar and abrupt contraction, well illustrated by the figures, 
is not known in any other crinoid except the little known “ Taxocrinus” polydactylus of the 
Irish Carboniferous, and it is constant for the species in both old and young. I have 60 
specimens with this part of the stem attached, and there is among them not a single departure 
from the rule. The change is very sudden, not only in the diameter to the extent of about a 
millimeter, but also from uniformly thin to alternating columnals ; the latter, however, is not 
always observable on account of the peculiar surface markings; the conical enlarged part is 
also markedly shorter than in any other species. 
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The roughened or closely studded surface of the stem below the contraction is unique, 
at least among the Paleozoic crinoids; as ordinarily found it looks like an irregular marking 
which was at first supposed to be the work of parasites, but careful cleaning of the specimens 
brought out a certain regular arrangement of peripheral beads into whorls, at various inter- 
vals, which suggested that the intervals between them might be the sockets for cirri. In the 
magnificent specimen shown by Plate LVI, figures 3a, b, the stem is complete and in place, 
though separated in the drawing for convenience ; it shows the sculpturing very plainly for 
about three-fourths of its length, with the toothed whorls very close together but altogether 
too irregular for any connection with cirri; below this part the enlarged nodal columnals 
appear quite regular, and from several of them the stumps of strong single cirri are seen 
projecting, but with no indication of any others constituting a whorl. The structure is doubt- 
less nothing more than a bead-like peripheral ornamentation of the columnals, such as are 
shown upon stems of Millericrinus (De Loriol, Crin. de la Suissee, pls. 12, 21. The 
stem of a maximum specimen is about 20 inches long, indicating a quiet, fairly deep-water 
habitat. 

This species is a thoroughly characteristic example of the genus as I understand it, and 
by reason of the number of individuals and their excellent preservation lends itself especially 
well both to statistical examination of its general characters, and to the study of structural 
details. I have upwards of 200 specimens, nearly half of them free from the matrix, and 
with all or nearly all their rays intact. Upon these I have tabulated the data as to the number 

of brachials in the first and second divisions of the rays, with the following result: 

In 93 specimens having 444 rays exposed, only 6 show any departure from the normal 
number of 3 primibrachs, these having less than 3 in 19 rays; thus the generic character 
holds good for this strong species with a variation of less than five per cent. In the 887 
rami showing the secundibrachs 516 have 3 I1Br, and 371 have 4 or more; while therefore 
the shorter habitus predominates, it is only to the extent of about 58 per cent of the whole; 
so that the species must be considered variable in this character. The increase of inter- 
brachial plates with growth of the individual is shown by the series of specimens on 
Plate LVI. Some authors with sufficient literary energy would have made several species 
out of them on this character. 

The preparations illustrated on Plate LVII show in the greatest detail the essential struc- 
tures which characterize the genus, and to a greater or less degree the family: 

(1) The Posterior Basal. We have this in almost every condition of exposure to bring 
out the special fact concerning it, that it is not suturally united to succeeding plates at its 
distal margin, but supports the anal tube in a rounded socket well down upon its outer, or 
dorsal, surface ; figures 5 and 6a show it with the lower plates of the tube in place, the border- 
ing perisome intact on the right side, and the left posterior ray removed. In 6a the remnants 
of the thin and fragile ventral perisome are seen, being as much of it as has ever been found 
in this species. In this specimen part of the right posterior ray is removed, and the inner 
side of it is shown at 6), where the rounded lateral margins next to the anal side and above 
the interbrachials on the other side may be seen, with the slight linear depression marking 
the attachment of perisome; 6c is the left posterior ray of the same specimen, disarticulated 
at the basi-radial suture, and posed so as to show its left margin, with the sutural faces con- 
necting with the interbrachials whose apposed faces are seen at the left of 6a; it also shows 
the inner surface of the ray. On the latter are seen fine longitudinal grooves starting on the 
secundibrachs, running with several of them parallel for some distance until in the distal 
part they are replaced by a good-sized median furrow, bordered by small depressions which 
form the seat of attachment of side or covering pieces. It looks as if these numerous longi- 
tudinal indentations on the IIBr, IIIBr, an@ partly on IVBr, served also for the attachment 
of perisome below the base of the free arms, perhaps covering some smaller ramifications of 
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the food-groove, or perhaps solely for support. The smooth and rounded right margin of 
the part of this ray below the axillary is shown in figure 6d; the proximal articulating face 
of the radial in 6e; and the distal face of the second primibrach above it at 6f. These views 
of the articulating faces, together with those shown by figures 7a-h from detached brachials 
in a similar specimen up to the axillary I11Br, show the great depth and massiveness of the 
Taxocrinoid ray, as compared with that of Forbesiocrinus. 

Returning to the posterior basal,—in figure 4 it is fully exposed free from the tube 
plates, showing the relatively low position of the socket, the strongly rounded distal margin 
connecting by an even curvature with the smooth margins of the posterior rays, and the 
complete absence of any face for sutural connection, either upon this plate or those to the 
right and left of it. All this is further emphasized by figures 8a, b, where we have a well- 
preserved calyx entirely freed from the matrix dorsally and ventrally ; 8b shows the same 
view of the posterior basal, and the curved margins of the adjoining rays; and 8a the inner 
edge of these margins connecting in a gentle curve with that of the posterior basal, all per- 
fectly rounded and free from any sutural connection. These figures show that the posterior 
basal is sometimes really more symmetrical than it appears ; the leaning of the tube to the right, 
or the apparently greater excavation of the right shoulder, being often partly the result of 
pressure in fossilization. Figures 8a, b bring out clearly the next important point in typical 
Taxocrinus, viz.: 

(2) The Interbrachials. These instead of running upward to an apex between the ray 
divisions have a more or less curved and crescentic distal margin marking the limit of solid, 
suturally connected plates, and the beginning of pliant perisome; the margin is smoothly 
rounded, and the perisome attached at its inner edge, as is finely shown in figure 3a. 

The various stages of the arcuate sutures between brachials, which gave rise to the 
notion of “ patelloid plates,” are thoroughly illustrated on the same plate ; the ordinary form— 
broad median curvature of the exterior suture line—is seen in such specimens as figures 2, 
3, 4, 5; the extreme form, where the projecting lips from the proximal faces look as if cut 
off by transverse lines into separate plates, in figure 1. Figure 9 shows that the external 
appearance depends purely on the condition of preservation of the surface, this being a 
weathered specimen in some parts of which the sinuous suture lines are plainly visible, while 
in others they have been obliterated by erosion, leaving the sutures as they actually are just 
below the surface, viz., straight lines. The detailed structure of this may be seen in figures 
6a, b and 7a, b, in the latter of which the projecting lip, and the corresponding indentation 
fitting it on the plate below, are drawn from the separated plates ; and the suture line, exteriorly 
arcuate on the face of IBr, in 6a, is seen to be perfectly straight at the ventral side in 6). 

Among the numerous specimens of this species some interesting special cases have been 
observed. Among these are— 

(3) Malformation. This is shown by figures toa, b, c of Plate LVII, where the speci- 
men has apparently six rays, the left posterior radial being an axillary and supporting two 
equal series of primibrachs ; there is accompanying confusion among the basals, only four of 
them being in the ring, while the fifth is superimposed at the posterior side, as shown in the 
diagram. Still more interesting than this is a remarkable case of— 

(4) Recuperation (Pl. LVI, figs. 11a, b, c). In this case the entire crown except the 
infrabasals and one basal has been broken off and replaced by new growth; the stem and 
plates mentioned clearly belong to a much larger crinoid, and the one remaining basal tells 
very plainly what has happened. Here also are six rays, one directly following the old basal 
without any regard to its angular axillary face which remains exposed exteriorly ; one oppo- 
site to it, and two each from axillary radials at either side; three greatly unequal new basals 
are developed beneath these. This individual had only one basal left to build upon, and the 
recuperation of the entire crown from this indicates that the seat of vitality was lodged low 
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down within the infrabasals. The structures can be well studied in the diagram, 11c, where 
the old plates are shaded and the new growth shown in outline. 

Recuperation of more than a single ray in Paleozoic crinoids has not hitherto been 
recorded, but I am now able to report an interesting case of apparently habitual detachment 
of all the arms in life, and occasional regeneration, in the rather abundant species of the 
Cincinnati area described as Heterocrinus juvenis Hall (24th Report New York State Mus., 
1872, pl. 5, figs. 9, 10; Meek in Palaeontology of Ohio, vol. 1, pl. 1, figs. 3a, b). The species 
is usually found in good preservation, except that by far the greater number of speci- 
mens are minus the arms, as shown in Hall’s figures 9 and to and Meek’s figure 3, above 
cited. The break is almost invariably at the level of the tegmen, just above the first primi- 
brach, and it includes the anal tube as well as the arms. This loss of the normal food- 
gathering apparatus was not immediately fatal, for in a large number of individuals the 
fractures were partially repaired, leaving the surfaces smoothly rounded; and the stumps 
of rays are often bent inward as if trying to close over the tegmen, as shown in Hall’s figures. 
Efforts at recuperation were made, sometimes producing a new set of arms, usually of a 
different size or color and more or less imperfect, and sometimes resulting only in the addi- 
tion of a few dwarfed brachials. 

This tendency to cast off the arms resulted in a remarkable dwarfing of the crown, which 
is usually no larger in diameter than the stem, while the latter, as compared with the stem of 
crinoids generally, appears relatively of enormous size. Among 195 specimens of this 
species in the collection before me 117 have lost their arms, leaving the fractured surfaces 
rounded, while 55 show more or less recuperation. Specimens with the arms in the normal 
condition, like Meek’s figure 3a, are quite rare. 

Similar occurrences are frequent among the Recent Bourgueticrinidae. Danielson? has 
described some of them in the Arctic species, Bathycrinus (Ilycrinus) carpenteri, and Doeder- 
lein? in species of Bathycrinus and Rhizocrinus. The species of these genera in which the 
loss and occasional regeneration of arms are chiefly observed all have the relatively very 
large stem and diminished crown seen in the fossil species above mentioned ; and, as in that 
species, the separation of the arms seems to be a very common occurrence, leading to the 
suggestion by both these authors that it may have been a voluntary autotomy. Some of the 
instances of regeneration are very remarkable—one reported by Doederlein (Siboga, p. 6, 
pl. 5, fig. 3) being that of a stem which had lost the entire crown, but still had life enough to 
regenerate structures at the proximal end, which took the form not of calyx plates, but of 
radical cirri, thus producing the singular arrangement of a stem with a root at each end. 

Types. The original of White’s description cannot be found. The other specimens 
figured herein are in the author’s collection. 

Horizon and locality. Weokuk division of the Lower Carboniferous. Abundant at 
Crawfordsville, Indiana; a few specimens have been found at Indian Creek in the same 
county at a horizon a little lower than the beds at Crawfordsville. This is one of the very 
few species which is found in both the Crawfordsville and Indian Creek beds; it seems to 
have begun in the latter, where it is rare, and culminated in the former. 


* Norwegian North-Atlantic Expedition, 1892, pp. 10-12, pls. 1, 3. 
7 Gestielten Crinoiden der Siboga-Expedition, 1907, pp. 6-18, pls. 1-8; Deutsch Tiefsee-Expedition, 
1912, pls. 3, 4, 5, 6. 
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Taxocrinus praestans n. sp. 
Plate LVIII, figs. 1-8 

The largest Tavocrinus known, five adult specimens averaging 70 mm. 
high by 45 wide; base 13 mm. It is one-third to two-fifths larger than the 
largest specimen of T. colletti, which it resembles in general form and propor- 
tons, but from which it differs decisively in the stem; this, instead of dimin- 
ishing in size all at once by a sudden constriction where the thin columnals 
end, tapers gradually to the minimum for a considerably greater distance, 
passing imperceptibly into longer and alternating ossicles. _There is also no 
indication of any peripheral denticulate ornamentation, and the stem is pre- 
served in three specimens for a sufficient distance to show that it has the ordi- 
nary form for the genus, like that of T. ungula. This distinction 1s confirmed 
by several minor differences. The brachials throughout are relatively nar- 
rower, and especially deeper; the interbrachial areas wider and the plates more 
numerous. The []Br are almost uniformly 4 instead of 3; the five specimens 
are all free from the matrix, exposing 50 rami, of which 43 have 4 IIBr and 
7 have 3; so that instead of a proportion of 58 per cent with 3 I1Br, we have 
here 86 per cent with the longer division. The basal plates have a peculiar 
shape; the apex is prolonged up between the radials like a narrow tongue, and 
the basi-radial sutures are sinuous, so that the proximal face of the radials 
is broadly curved instead of angular as usual; this may be seen in figures 1, 
2, 3 of Plate LVIII, and is the case in another large specimen not figured; it is 
not so in figure 4, of a specimen from a different locality. 


In none of the specimens is the anal side preserved intact, all being injured or distorted 
in that part; from what is left it is evident that the tube itself was not very strong, but was 
bordered by unusually strong perisome at the right side as in 7. wngula, while at the left 
the perisome must have been weak, as no remnant of it is found next to the left posterior ray 
in any of the specimens. The interbrachial development is in accordance with the mature 
stage represented by the large specimens, and the broadly curved crescentic distal margin 
with perisome following is very conspicuous. Four of the specimens are from a single 
colony in the Indian Creek beds; they are remarkably uniform in size, the fourth being as 
large as the three which are figured, 1, 2, 3; the other one, figure 4, is from the closely equiv- 
alent beds in Washington County, Indiana. I have figured on the same plate with these 
several young specimens found in the same locality, some of them from the same colony; 
they may or may not belong to this species, not having the stem preserved to determine it 
except in figure 8, which has rather that of 7. colletti but without any peripheral ornament. 
No intermediate stages of this species were found, and one need only compare figure I 
on Plate LVII, of a specimen from the same locality, with the four large figures on Plate 
LVIII, to see that there is no reason for thinking that the much smaller T. colletti is the 
younger stage. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, Keokuk Group, below the Crawfordsville 
beds ; Indian Creek, Montgomery County, and Canton, Washington County, Indiana. 
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Taxocrinus giddingei (Hall) 
Plate LIX, figs. I-12 


Forbesiocrinus giddingei Hall, Geology Iowa, I, pt. 2, 1858, p. 633, pl. 17, figs. 2, 4—Meek and Worthen, 
Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140. 

Taxocrinus giddingei, Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 48—Keyes, 
Geol. Surv. Missouri, 1894, p. 223. 

Forbesiocrinus elegantulus Miller, Bull. 4, Geol. Surv. Missouri, 1891, p. 40, pl. 5, figs. 14, 15. 


A very small species. Crown short and wide, broadly spreading below, 
widest about the axillary primibrach, where height to width is about 1.1 to 1. 
Calyx low, with broadly curving sides; spread from base, I to 3.2. Rays wide, 
convex, fairly prominent, tapering suddenly beyond the secundibrachs to rela- 
tively slender branches, and infolding shortly beyond third bifurcation. 
Sutures slightly sinuous, interbrachial areas wide, with numerous strong 
plates followed by perisome. Surface smooth. Dimensions of crown, average 
of specimens including the smallest and largest: height, 17 mm.; width, 15 
mm.; base, 4.2 mm. 

IBB low, resembling a thin columnal. BB small, acute-angled. RR the 
largest plates in the calyx. IBr 3, two and one-half times as wide as long, 
slightly tapering to the axillary which is a little wider; I1Br 3, almost as large 
as IBr; [11 Br 4, exceptionally 3 on the inner ramus, only half as large as II Br 
and followed by slender arms; higher brachials wider than long. Anal area 
considerably wider than others; tube small, resting in socket at right upper 
corner of post. B, bordered by strong plates on either side, sometimes as large 
as the tube plates, and making post. B look as if angular above. Column 
large, with proximal enlargement composed of uniformly thin columnals fol- 
lowed by long and short ones alternating. 


This is a remarkably constant species in size; in 30 specimens the variation lies between 
15 mm. and 20 mm. in height, with scarcely any extremes beyond these. The secundibrachs 
are constant at 3 for all the specimens. The anal side is in a transition stage towards 
Forbesiocrinus, having in some specimens a considerable resemblance to that of F. multi- 
brachiatus. The Taxocrinoid character of the species is well fixed, however, by the condi- 
tion of the interbrachial areas with their well-defined crescentic distal margin (Pl. LIX, 
figs. 5, 8, etc.) followed by perisome (fig. 10). S. A. Miller’s Forbesiocrinus elegantulus 
(Pl. LIX, fig. 11) is founded on an average specimen from the typical locality, where the 
species is fairly abundant in the upper beds. I have referred to it a form occurring sparsely 
in the Keokuk beds at Canton, Indiana, which ranges a little larger in size, and might prove 
different if we had better material for comparison. 

Types. Hiall’s original is in the American Museum of Natural History, New York; 
Miller’s in the University of Chicago; and the other specimens figured and studied are in the 
author’s collection. 

Horizon and locality. Lower Carboniferous, Warsaw Group and top of Keokuk; from 
the upper beds at Boonville, Missouri, and perhaps rarely in the somewhat lower Keokuk 
beds at Canton, Washington County, Indiana. 
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Taxocrinus shumardianus (Hall) 
Plate LIX, figs. 13-16 


Forbesiocrinus shumardianus Hall, Geology Iowa, I, pt. 2, 1858, p. 671, pl. 17, fig. 1—Meek and Worthen, 

Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140. 

Taxocrinus shumardianus, WWachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1879, p. 49.—Keyes, 

Geol. Sury. Missouri, IV, 1894, p. 224.—Springer, Jour. Geology, XIV, 1906, pl. 7, fig. 17. 

A larger species than T. giddingei; similar to it in general aspect, form 
and proportions, but differing in the fact that the basals in the regular areas 
as well as in the anal are truncate and pass up between the radials to a sutural 
connection with the first interbrachial; they are therefore much more elongate. 
Also the anal tube is smaller, and is bordered by the usual weak perisome of 
the genus, instead of by strong plates at either side. The crown is usually a 
little higher than wide, the average dimensions of 6 mature specimens from 
the type locality being,—height of crown, 25 mm.; width at level of first IIIBr, 
23 mm.; base, 5 mm.; calyx, 10 mm. high at IAx by 15 wide. 

While some specimens of smaller size occur at St. Louis, the type locality, the usual 
habitus is like that of the type, figure 13; allowing for the smaller ones, the species averages 
decidedly larger than the closely related form from Huntsville. The largest of all is the 
beautifully preserved and very mature specimen shown in figures 14a, b, which was imbedded 
in a very fine-grained calcareous matrix, from which I was able to free it on both sides. It is 
the second Taxocrinus found preserving any recognizable portion of the tegmen. Here we 
have some indistinct remains of the integument composed of extremely fine plates, part of 
an ambulacrum, and the five orals lying near the center, but somewhat separated ; all these 
have fallen down into the bottom of the calyx, and are therefore displaced. 

This crinoid must have been in a very unusual state of perturbation at the time of its 
demise. Ordinarily the arms at death both in Recent and Fossil crinoids are found either 
flexed or extended uniformly ; but in this case part are bent one way and part another, as may 
be readily seen by comparing the two figures, in drawing which the specimen was rotated 
sidewise so that left and right are reversed, the corresponding arms being lettered. In the 
anterior ray, two of the arms at e are seen in the dorsal view (fig. 14a) to be folded back- 
ward upon themselves, exposing their ventral side to the extremities, and those at f were so, 
but are broken off; the other view (fig. 14b) shows several arms (a’, b’, c’, d’, 9’, h’) curved 
upon themselves in exactly the opposite way, the dorsal side of the distal extremities coming 
into view as they bend over toward the disk. An interesting thing in this specimen is the 
great thickness of the intersecundibrachs between the main divisions of the rays, which 
project upon the ventral side like short pegs, being in this respect entirely unlike those form- 
ing part of the calyx wall between the rays; the smaller plates between the IIJBr project in a 
similar way. 

The number of IIBr seems to be fixed at 3, with occasionally one wanting. And the 
inner ramus of the IJIBr has almost uniformly only 3 plates, while in 7. giddingei this is 
only occasional. The fact that the interbrachials pass down to the basals is very unusual, and 
constitutes an exceptional feature among the Flexibilia; it occurs sporadically in Wachs- 
muthicrinus thiemet, and occasionally in the next following species of the Kaskaskia; but 
nowhere else that I know of in this group. 

Types. Hall’s original is in the Worthen collection, University of Illinois. The other 
specimens figured and studied are in the author’s collection. 

Horizon and locality. Lower Carboniferous, St. Louis Group; St. Louis, Missouri, 
perhaps passing up to the Lower Kaskaskia in Monroe County, Illinois. 
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Taxocrinus huntsvillae n. sp. 
Plate LIX, figs. 17-25 


A very small species of type similar to that of 7. shwimardianus, but dif- 
fering in general proportions, the crown being rather wider than high, and in 
the form of the rays which instead of being broad and rounded are narrower 
and more elevated, sometimes tending to become angular. As usually found 
with arms folded the average dimensions of over 50 specimens are: height of 
crown, 13 mm.; width at level of first I11Br, about 13.5 mm.; diameter of base, 
2 mm.; spread of calyx to first axillary, 3 to 12. 


This species occurs chiefly at a single locality near Huntsville, Alabama, where I have 
obtained it in large numbers and good condition; and it is from a higher horizon than 
shumardianus, being from the Ohara member of the Ste. Genevieve formation in the earlier 
Kaskaskia. While the differences upon which it is separated from that species are rather 
slight, they are strikingly constant. There is a remarkable uniformity in the small size, and 
the relatively lower and broader crown, while the tendency to angularity in the rays imparts 
a sharpness of aspect which makes the specimens readily distinguishable. Maximum speci- 
mens do not exceed about 15 mm. in width. The interbrachials usually touch the basals, but 
this character is not without exceptions, a few specimens being found in which the connec- 
tion is wanting in one or more interrays. In the latter condition this form persisted spar- 
ingly into the higher Kaskaskia beds (Pl. LIX, figs. 23-25). The species is in fact an 
intermediate stage in a little line of retrogression which marked the concluding phases of 
the genus in the last three members of the Carboniferous—depauperate species of the short 
type, in which the arms were growing shorter: In 7. giddingei of the Warsaw, with 3 IIBr 
like the antecedent 7. wngula, the third arm division also began occasionally to have 3 plates ; 
in T. shumardianus of the St. Louis this character became constant for the inner ramus and 
continued to the Lower Kaskaskia in the present species; in T. whitheldi of the higher Kas- 
kaskia the II[Br were reduced to 2, and sometimes also the IIIBr, with an occasional reduc- 
tion in IBr; and there the genus ended so far as known. 

In the figures of these four species there is a frequent appearance of straightness in the 
sutures between brachials which must not be taken as representing the actual facts; nearly 
all these specimens have been more or less weathered, and the patelloid projections being 
very thin, as in the somewhat similar 7. intermedius, they have largely disappeared ; careful 
examination with a magnifier discloses clear traces of them in nearly every specimen, but 
this 1s not easily shown in the drawings. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, lower part of Kaskaskia Group ; it occurs 
chiefly in the Platycrinus bed of the Ohara limestone, equivalent to part of the Sté Genevieve 


formation, but also passes up into the overlying beds equivalent to the Renault. Huntsville, 
Alabama. 
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Taxocrinus whitfteldi (Hall) 
Plate LX, figs. I-11 


Forbesiocrinus whitfeldi Hall, Geology Iowa, I, pt. 2, 1858, pp. 632, 633, fig. 104.—Hall, Supplement 
Geology Iowa, 1860, p. 88—Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140; 
Geol. Surv. Illinois, II, 1866, p. 243. 

Onychocrinus whitfieldi, Meek and Worthen, Geol. Surv. Illinois, V, p. 552, pl. 20, fig. 3. 

Taxocrinus whitfheldi, Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1870, p. 49. 

Forbesiocrinus cestriensis Hall, Supplement Geology Iowa, 1860, p. 68. 

Forbesiocrinus parvus Wetherby, Jour. Cincinnati Soc. Nat. Hist., 1870, p. 138, pl. 11, figs. 4a, b (Separate 


p. 5). 
Taxocrinus wetherbyi Miller and Gurley, Bull. 6, Illinois St. Mus. Nat. Hist., 1805, p. 41, pl. 4, figs. 3-5. 


The last known survivor of Tavxocrinus. 

A medium-sized species. Crown low and broad, much wider than high, 
infolding about the lower 1VBr, and expanding with a broad curve to that 
level, where height to width is about I to 2 in mature specimens, somewhat 
less in the young. Calyx a continuous wall to the level of upper I] Br except at 
the anal side, with rays but little prominent and iBr areas little depressed; 
height to width at IAx, 1 to 3.5; spread from base, 1 to 4. Side outline low 
convex. Rays bifurcating about four times, the last one after infolding; 
diminishing greatly at third division; free arms small and delicate; sutures 
moderately sinuous. iBr areas wide, plates numerous and strong to level of 
second axillary and followed by perisome. Surface smooth. Dimensions of 
crown in maximum specimen: 17 mm. high; 35 wide; base, 6; in a small one, 
7.5 mm. high; 10 wide; base, 2.2 mm. Average adult specimens about 12 mm. 
high by 24 wide. 

IBB visible as low pentagons. BB large, sometimes connecting with iBr 
in one or more rays. RR and [Br of about the same width. IBr 3; I/Br 2, 
fully incorporated in calyx wall, two-thirds as wide as [Br; IIIBr 2 or 32 in 
inner ramus, 3 or 4 in outer; higher divisions very narrow. iBr plates very 
large for three ranges of about equal size, a fourth one smaller followed by 
perisome; areas nearly flush with rays to height of II1Br 2, where they curve 
inward. Column large, with long conical enlargement of very thin plates next 
to calyx, below that cylindrical with alternating columnals. 


This species is the conclusion of the line of retrogression which marks the extinction 
of the genus in the latest member of the Lower Carboniferous. It has several peculiar 
features: The interbrachial structure in the regular areas is the strongest found in any 
species of the Taxocrinidae, and this is correlated with an absolutely weak anal side, con- 
taining nothing but perisome bordering the small tube; of such strong bordering plates 
as are seen in T. giddingei there is not a trace. It has the lowest and broadest crown of 
any species; its habitus is that of a very broad, shallow basin (figs. 3a, 4) with arms fold- 
ing over the rim as in figure 3c; wherever the specimens are preserved in a soft matrix 
they retain the form shown in figures 1-4. I have 6 such specimens, and there is little 
variation in their form and proportions ; specimens like figures 5, 7, 9, 11 are laterally com- - 
pressed, and give an erroneous idea of the natural contour. 
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This extreme shortening of the crown is accompanied by a corresponding reduction 
in the number of brachials; 2 I[Br is the rule throughout upwards of 30 specimens, with 
only two exceptions; in the majority of cases the inner ramus of the IIIBr has only 2 
(figs. 5, 6), never more than 3, and the outer not more than 4. No preceding species has 
shown any such shortness in the arm divisions. There is also a tendency to reduction in 
the number of IBr. I have found this in some rays of four specimens. The separation 
of the radials by upward prolongation of basals, begun in T. shumardianius, is continued 
to some extent, but quite irregularly, in this species. 

T. whitfeldi is an exceedingly well-marked species, readily identified from fragments, 
and it occurs over a wide field, having been collected in Illinois and in several counties in 
Kentucky. Hall’s type specimen is perfectly characteristic, and although not figured by 
him he gave a good diagram from which it would be readily recognized; nevertheless 
several synonyms have sprung up which have to be suppressed, including one by himself. 
Hall in the original description stated the horizon as Keokuk, and afterward in the Iowa 
supplement corrected this to read, Warsaw. Neither is correct, as was pointed out in 
1873 by Meek and Worthen, who figured and redescribed the type, and gave the locality 
and horizon as opposite Kaskaskia, Randolph County, Illinois, in the Chester (Kaskaskia) 
division of the Lower Carboniferous, on the authority of Professor Worthen, who col- 
lected it.t Those authors (Geol. Illinois, vol. 5, p. 553) pointed out very clearly the differ- 
ence between this species and Forbesiocrinus worthenit, and for the reasons there stated 
referred it to Onychocrinus. While this reference under our present conception of the 
latter genus cannot stand, the reasons given by Meek and Worthen are entirely valid to 
establish its place under Taxocrinus, as distinguished from Forbesiocrinus as then under- 
stood by American authors. 

Hall described his Forbesiocrinus cestriensis from a well-defined specimen of this 
species from the Kaskaskia at Chester, Illinois, without any figure; this I have now 
supplied for comparison from the type in the Worthen collection (fig. 11). Miller and 
Gurley’s figure of their Taxocrinus wetherbyi needs only to be compared with that of the 
type of T. whitfeldi, figured long before their date by Meek and Worthen, and refigured 
herein (Pl. LX, fig. 1), to show the complete identity of the two. Nevertheless they 
applied their stereotyped formula, and said: “the species is so different from all others 
that no comparison with any of them is necessary to distinguish it.” Wetherby’s Forbesi- 
ocrinus parvus is only a very young, and therefore more elongate, specimen of this species, 
like figures 10a, b. His type specimen cannot be identified, but it is one of several small 
specimens which cannot be distinguished from mine, and is from the same colony at 
Sloan’s Valley, Pulaski County, Kentucky, that produced numerous well-preserved speci- 
mens such as are shown by my figures 2, 3, 4, 5, 8, 10. His figures, enlarged two diame- 
ters, are undoubtedly incorrect in representing the interbrachials as continuing to an apex 
between the arms—a structure which might easily be misunderstood in small, dark-colored 
specimens like these. 

Types. Hall’s original is in the Worthen collection, University of Illinois, also the 
type of his F. cestriensis; that of Miller and Gurley’s T. wetherbyi, and specimens used by 
Wetherby, are in the Walker Museum, University of Chicago; the others studied and figured 
herein are in the author’s collection. 

Horizon and locality. Close of Lower Carboniferous; Okaw formation, upper part of 
Kaskaskia Group. Randolph and Pope counties, Illinois, and Breckinridge, Grayson and 
Pulaski counties, Kentucky. 


* This is confirmed by my own coliections from Randolph County. 
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PARICHTHYOCRINUS Springer 
Joes ILC, JEZEL, ILC 


Parichthyocrinus Springer, Amer. Geologist, XXX, 1902, p. 96; Jour. Geology, XIV, 1906, pp. 500, 519. 
Zittel-Eastman, Textbook Paleontology, 1913, p. 206. 


Fic. 50. Parichthyocrinus 


Taxocrinidae with rays closely abutting above interbrachials. Crown 
ovoid. Infrabasals prone like a columnal, but not within the ring of basals. 
Posterior basal elongate. Radianal, if present, only in upper oblique position. 
Right, and sometimes left, posterior radial smaller than others. Interbrachials 
few. Primibrachs three. Arms dichotomous, interlocking. Column enlarging 
beneath calyx. 

Genotype. Ichthyocrinus nobilis Wachsmuth and Springer. 

Distribution. Middle part of Lower Carboniferous, Burlington to 
Keokuk; not known outside of the United States. 


With its closely abutting and interlocking arms this genus does not fit very well among 
the Taxocrinidae, but would appear superficially to be more at home in one of the other 
families. It might be defined as a Euryocrinus with Taxocrinoid anal side, but the latter 
feature is so strongly marked that the genus must remain as | have placed it; and further- 
more, the infrabasals do not have the characteristic position within the basal ring which 
holds Euryocrinus within its family. The infrabasals are very small, it is true, and rarely 
seen from the exterior, but they have the form and location of a thin top columnal, as 
shown by figure 4 of Plate LXIII; in one species they are nearly equal in size, and the 
small plate is usually in the anterior position. 

Still closer is the resemblance of this form to certain species of Forbesiocrinus of the 
same stratigraphic position, having the same type of base, and in which the arms often 
abut somewhat closely above the iBr areas. In specimens of F. wortheni and F. multi- 
brachiatus having a tendency toward modification of the anal side in the direction of a defi- 
nite median series, some perplexingly close transitions may be found. Questions arising 
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in regard to these can usually be settled by taking into account the decidedly restricted 
number of interbrachials in Parichthyocrinus, and the close arching of the lower brachials 
over them, and also a peculiarity of the right posterior radial, which in all the species, and in 
some the left posterior also, is much smaller than the radials of the anterior and lateral rays ; 
it is crowded by excessive growth of the posterior basal until it has much the form of the 
primitive radianal in some of the Silurian genera. This is not the case in Forbesiocrinus, 
where that radial is of full size and is usually larger than the succeeding primibrachs ; it will 
also usually be found that the larger basals in Forbestocrinus will determine the matter. 

A characteristic of this genus is the strong construction of its calyx walls and brachials, 
producing with the closely folded arms a firm, rotund body, which retained its form under 
pressure in fossilizing better than any others in this family; in this respect also it is more 
like the Ichthyocrinidae and Forbesiocrinus. This may be seen in the cross-sections of 
various plates shown on Plate LXI; although all very short, they begin to have great 
depth in the primary brachial series, and at the height of the tertibrachs they are at least 
three times as deep as they are long. These characters very naturally led to the reference 
of the first discovered species to [chthyocrinus—the structure of the anal side, which would 
have precluded such a course, not being disclosed by the specimens then at hand. 

Four species from two different horizons confirm the proposal made in 1902 for a 
separate genus for this form. Its stratigraphic range is not large, the genus being con- 
fined to the middle of the Lower Carboniferous, that is, so far as known, to the Upper 
Burlington and Keokuk groups. 

The discrimination of species is necessarily made upon characters of a low order of 
value, aided by their stratigraphic position. The original descriptions, as is the case in 
many other genera, afford little assistance, being chiefly confined to statements of characters 
now held to be of generic or family rank, and of individual peculiarities in the specimens. 
The species may be conveniently arranged as follows: 


THE SPECIES OF PARICHTHYOCRINUS 


I. Anal tube bordered by weak perisome. 
Rays not prominent; arms broad and flat. 


iBr few, in 2 or 3 ranges, mostly in vertical succession. 
Cronyn losses Wei WroOs enone ceocoonsmoce dope sooeue mod odco do jd P. nobilis. 


Rays prominent; arms rounded. 


iBr few, mostly large plates in succession for 2 ranges, followed by 
small ones at apex. 


Crowntwidersthanwhicht ary santana reser rk criana P. meek. 
iBr doubling in second range, making wider areas of 3 to 4 large plates. 
Crowbshiiohversatinvarie swid Cesc tnctct sae etic reiterscmere ee ciameuner P. subovatus. 


II. Anal tube bordered by strong plates,—transition toward Forbesiocrinus. 
Rays not prominent; arms broad and flat. 
BP MOMSTOS iim SovCrall TMNTEsocoacoocuccsud00cna0bo0d P. crawfordsvillensis 
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Parichthyocrinus nobilis (Wachsmuth and Springer) 
Plate LXI, figs. I-16 


Ichthyocrinus nobilis Wachsmuth and Springer, Proc. Acad. Nat. Sci. Philadelphia, 1878, p. 254 (Separate, 
pl. 2, fig. 7) ; Revision Palaeocrinoidea, pt. 1, 1879, p. 35. 

Parichthyocrinus x.obilis, Springer, Amer. Geologist, XXX, 1902, p. 96; Jour. Geology, XIV, 1906, p. 522, 
pl. 6, fig. 17. 


Type of the genus. 

A large species. Crown low and broad, about as high as wide, rotund, 
broadly curving from base to infolding arms; widest about the lower IVBr, 
where height to width is about I to 1. Calyx a shallow basin, height to width 
at IAx, I to 4, spreading from base about 1 to 4. Rays and arms broad and 
flat, flush with the general curvature, infolding about the fourth bifurcation; 
sutures arcuate. iBr few, areas narrow and elongate, and but slightly 
depressed. Surface smooth or finely granular. Dimensions of crown in adult 
specimen: height, 38 mm.; width, 3.5 mm.; base, 6 mm. 

IBB covered by column, but not within the ring of BB. BB low, visible 
as small triangles beyond the column, except post. B which is very large and 
wide, encroaching on r. post. R. RR and [Br short and wide, about as 1 to 3, 
increasing in width upward; r. post. R smaller than those of other rays. 
IIBr 2 and 4, of about the same size and proportions as IBr, and like them 
increasing in width upward; II[Br 4 or 5 on inner ramus and 7 or 8 on outer, 
increasing slightly in width upward. Thus the whole ray widens regularly 
up to the lower IV Br, where the greatest expansion of the crown occurs; there 
is usually one more bifurcation, and all higher brachials are very short and 
wide. iBr consisting of a few large plates, in adult specimens either 1 large 
followed by 1 or 2 small ones in the apex, or 2 or 3 large in succession; or in 
very mature specimens 2 plates in the second range; in young none at all; the 
iBr area does not widen upward, but has about its maximum width in the first 
range. Anal tube very small and delicate, composed of elongate plates bor- 
dered by diminutive plates at the right and broken down perisome at the left. 
Column of moderate size, tapering gradually for a short distance, passing 
from very thin and equal to alternating columnals, and continuing smooth and 
cylindrical. 

This species was founded upon the large specimen shown in figures ta, b, described 
without illustration in the regular edition of the Philadelphia Academy Proceedings, but 
accompanied by a reduced photograph on a plate circulated with the separate copies of the 
paper. It was defective in the base and anal side, and from the resemblance of the closely 
abutting and interlocking arms to those of Ichthyocrinus, the anal side was supposed to be 
solid. The specimen was unique, and it was not until years afterward that the fine series 
now in hand were found, illustrating the species and genus in all its phases from the young 


to very mature. In 1906 I published a figure showing the structure of the anal side as now 
understood, to further demonstrate the necessity of a new genus for this form (fig. 10d) ; 
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this is now reinforced by three other good specimens showing the delicate, rounded anal tube, 
without any solid connection with the broadly rounded rays adjoining it (figs. 11, 12, 14). 

An important thing brought out by the new material is the exact nature and function 
of interbrachial plates, which serve to fill up spaces between the brachial elements as required 
by the growth of the viscera. They begin to form at the suture lines on the inner surface of 
the calyx wall, and gradually force their way outward like wedges; thus the exterior surface 
of those plates which extend through is much less than the interior, and some never reach 
the outer surface at all. All this is beautifully illustrated by the preparations figured! on 
Plate LX1; figures 1c, d show the opposite surfaces of the interbrachials in part of an 
interradius (numbered 1, 2, at the right lower corner of fig. 1b), together with the adjoin- 
ing brachials; of the seven plates plainly visible at the inner surface only two and a mere 
point of a third have succeeded in reaching the exterior, and probably no more would have 
done so, as this is a very mature specimen, having doubtless reached its full size; the other 
four remained simply as wedges, just as the one at the left side of no. I appears’in the end 
view, figure 1d. The relations of the plates are still better shown by figures 3a, b, c, d, from 
a detached part of the same specimen, in which the numbers and lettering on the different 
plates sufficiently explain them, if it is added that the part of the ray at the right is displaced, 
and stands somewhat lower than it would in its natural order. In the middle interradius 
6 large plates at the interior are represented by only 4 much smaller ones at the exterior, 
while those that started and formed good-sized wedges in the second axil did not get 
through at all; their mode of growth, and the corresponding opposite sloping of the brach- 
ials, may be seen in figure 3c. ; 

In this species 4 is about-the maximum number of iBr that appear externally, and in 
younger specimens the number is progressively less, until none whatever are seen (fig. 16). 
Hence as a specific character this is about the weakest, and only of service if we deal in 
general averages; if merely based on definite numbers it is wholly worthless. In this 
species the peculiarity of the interbrachials is not simply the small number, but that the areas 
attain almost their full width at once—not increasing much above the first range. 

The preparation also brings out some very peculiar modifications in the shape of the 
primary brachials due to the proximity of the anal structures. Figures 2a, b show the first 
5 plates in the left posterior ray; the radial, which is very short exteriorly (fig. 2a, no. 1), 
is enormously produced inward at the right margin next to the anal area, and enlarged at 
the interior until it occupies about half the area of the whole five plates (fig. 2b) ; plates 2 
and 4 on the other hand are greatly reduced, and 3, a good-sized plate exteriorly, does’ not 
reach the inside but remains a mere wedge, as shown in figure 2d. It is probable that similar 
distortions of the plates exist in the right posterior ray, as the radial on that side is always 
much smaller than the radials in the other rays (figs. 11, 12, 14). This feature seems to 
exist throughout the genus. 

Another peculiarity is that in the posterior rays one of the primibrachs is much smaller 
than the others, narrowing toward the anal area to a knife edge, and sometimes not reach- 
ing it at all (fig. 14). This is due to the great curvature of the rays at this point. 

The secundibrachs are inconstant, varying from 3 to 4 in about equal numbers through- 
out 16 specimens. : 

This species has only been found high up in the Upper Burlington limestone, near or 
in the transition beds toward the Keokuk; most of the specimens studied were found in a 
single colony. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, upper part of Upper Burlington lime- 
stone; Burlington, Iowa. 
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Parichthyocrinus meeki (Hall) 
(ACH ICRGUE, jG) 18} 


Forbesiocrinus meeki Hall, Geology Iowa, I, pt. 2, 1858, p. 631, pl. 17, fig. 3. 

Onychocrinus meeki, Meek and Worthen, Geol. Surv. Illinois, II, 1866, p. 243. 

Taxocrinus meeki, Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1870, p. 49. 

Not Forbesiocrinus meeki, Quenstedt, Handbuch Petrefaktenkunde, 1885, pl. 75, figs. 24, 25 (= Taxocrinus 
colletti White). 

Not Taxocrinus meeki, Von Zittel, Grundztige Palaeontologie, 1895, p. 138, fig. 273; Zittel-Eastman, Text- 
book Palaeontology, 1806, p. 164, fig. 273 (= Taxocrinus colletti White). 


A very large species. Generally similar to P. nobilis, except that the 
crown is relatively shorter and wider, the average of height to width of four 
specimens being I to 1.1, and the rays and arms are more prominent and convex, 
and the regular basals seem smaller, being scarcely visible beyond the column; 
also the column is more uniform, with non-alternating columnals. Calyx 
spreading almost horizontally, like a low saucer; height to width, 1 to 5; 
spread from column to JAx, 1 to 3; dimensions of mature specimen: crown, 
height 43 mm.; width 50 mm.; base at column facet, 11 mm. 


This species occurs at the base of the Keokuk limestone. Four good specimens have 
come into my hands supplementary to the type. Three of these, including the two fine 
specimens figured, were found by the late Lisbon A. Cox at a single locality a few miles 
north of Keokuk, in a limestone intercalated between chert bands, which he considered to 
be really at the top of the transition bed, just underlying the true Keokuk; the fourth was 
found in exactly the same horizon at the upper end of the exposure at Nauvoo. It there- 
fore occupies a definite horizon entirely distinct from those of the other species. It is 
readily distinguished from P. nobilis by the convexity of the rays and their divisions, which 
gives it a notably different habitus. The calyx is extremely low, almost horizontal; the 
unrivaled specimen shown in figures 2a, b—one of the finest crinoids ever found in the 
Keokuk limestone—shows substantially the natural contour of the crown, being only a 
little compressed laterally ; and the same very low calyx appears in all the other specimens. 
The IBB are always, and BB mostly, covered by the column, except post. B. The distribu- 
tion of iBr is very similar to that in P. nobilis: two or three large plates in succession, or 
the second and third ranges broken up into smaller plates not materially increasing the width 
of the area. The 3 I1Br seem to be almost constant. The left posterior radial is usually 
reduced in size, as well as the right. 

There has been much confusion in the literature regarding this species, partly due to 
its poor illustration. Hall’s figure gave little idea of the anal side, which I have made clear 
by additional preparation (fig. 1). Comparison of this figure with those of other specimens 
leaves not the least doubt of their identity; Meek, who had the type before him, saw that it 
did not belong to Forbesiocrinus (Geol. Illinois, vol. 2, p. 243), and correctly pointed out 
the generic distinction that must be based upon the anal structure, referring it upon that 
ground to Onychocrinus. The “five other individuals of this species” mentioned in the 
above discussion were specimens of the common Crawfordsville Taxocrinus, labeled 
meeki in Professor Worthen’s collection. This misidentification was made by Hall when 
describing some crinoids from that locality for his paper in 1861; it was accepted by the 
collectors, and thus the name as attached to an entirely different fossil was distributed by 
their labels among many museums of the world. Then Quenstedt and Von Zittel published 
figures of good specimens of the Crawfordsville species under this name, so that the errone- 
ous reference became currently established in the literature; this will now have to be cor- 
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rected by those interested, and all such specimens should be labelled Taxocrinus colletti as 
explained under that species. 

This species is exceedingly rare, not having been found except at the horizon and in 
the vicinity mentioned above. 

Type. Worthen collection, University of Illinois. The other specimens herein figured 
are in the author’s collection. 

Horizon and locality. Lower Carboniferous, base of Keokuk limestone; Nashville, 
Towa, and Nauvoo, Illinois. 


Parichthyocrinus subovatus (Miller and Gurley) 
Plates X XI, fig. 6; LXII, figs. 4-17; LXIII, figs. 1-4 
Taxocrinus subovatus Miller and Gurley, 16th Rep. State Geologist Indiana, 1890, p. 347, pl. 5, fig. 3. 

A medium sized species, very similar to P. meeki; differing mainly in its 
generally more elongate crown, and more lozenge-shaped interbrachial areas; 
it is also apparently smaller, as out of 40 specimens the largest is 34 mm. 
high by 30 mm. wide, and few attain a size of 30 by 25 mm. The average of 
six representative adult specimens gives the following proportions: height 
to width of crown at upper IIIBr, 1.1 to 1; of calyx at [Ax, I to 3.5; spread of 
calyx from column facet, 1 to 3; so the crown is not so wide as that of P. meeki, 
and the calyx is higher and not so nearly horizontal below. 


These characters of course have the minimum diagnostic value, and seem to be only 
of importance because they occur quite uniformly in a large number of specimens which 
are derived from a different horizon, viz., the upper part of the Keokuk limestone. If one 
of these specimens were found at the Iowa locality and horizon we should scarcely think 
of separating it from meeki. The difference in the interbrachials seems marked by a ten- 
dency to double the large plate in the second range, with another large one following in the 
third, thus making the areas more broadly oval. There is also a slight difference in the 
column in the rather greater contrast of alternating columnals in this species, although in 
both they take on great uniformity in the lower half of the stem. We have the stem com- 
plete in the two beautiful specimens figured on Plate LXIII, figures 1, 2, both of which show 
traces of irregular cirri for a considerable distance from the distal end; the stem tapers to a 
fine point without branching roots, and in a medium sized specimen is about 8 inches long. 
The IIBr are fairly constant at 3, a tabulation of the facts in 15 good specimens showing 
that number in 75 per cent of the rami, and 4 in the others. Right and left posterior radials 
are usually both reduced in size. 

The fine series of specimens studied were found in two colonies at the Indian Creek, 
Indiana, beds, but the type and a few others came from the equivalent horizon in Washing- 
ton County. This is one of the species which may be thought over-illustrated, resulting 
from the repeated accession of better material as the drawings were in progress, the two 
complete specimens having been obtained twenty years after the first discoveries at the 
locality. I have illustrated along with them a specimen with a solid anal series in the lower 
part, occurring in the large colony of specimens otherwise like it, which if found isolated 
might readily pass for Euryocrinus (Pl. LXIII, figs. 3a, b) ; I consider this only a sporadic 
occurrence ; and in fact a close examination of the anal series shows traces of its Taxocrinoid 
affiliation in the presence of small plates at either side and an open space at the top (fig. 3c). 
There are one or two others with plates in similar condition. 

The specimens figured on Plate LXII show a gradation from four large interbrachials 
in the adult down to one in the young; the type is an intermediate specimen with two, and 
was so described by the authors. 
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Types. Miller and Gurley’s original is in the Walker Museum, University of Chicago. 
The other specimens figured are in the author’s collection. 

Horizon and locality. Lower Carboniferous, upper part of Keokuk Group, about 
equivalent to the Geode bed; Indian Creek, Montgomery County, and Canton, Washington 
County, Indiana. 


Parichthyocrinus crawfordsvillensis (Miller and Gurley) 


Plate LXIII, figs. 5-6 


Taxocrinus crawfordsvillensis Miller and Gurley, Bull. 3, Illinois St. Mus. Nat. Hist., 1804, p. 40, pl. 4, 
fig. 3. 


A very large species. Crown higher than wide, about 1.2 to 1. Calyx 
ereatly rounded, height to width at [Ax about 1 to 2, evenly curved below. 
Rays not very prominent, arms broad and flat, bifurcating four times; sutures 
arcuate. iBr numerous, in several ranges of rather small plates; illBr 
present. Anal plates in a median series bordered on each side with numerous 
strong irregular plates. BB fairly large, visible as triangles or pentagons 
beyond column. iBr numerous, in large elongate areas. Surface smooth. 
Column large, with conical taper of very thin columnals next to calyx, passing 
into crenulated alternate ossicles which become uniform in lower half and 
increase in length downward; irregular cirri toward the distal end, which 
evidently terminated in a fine point without any branching. Crown in type 
specimen, 50 mm. high by 40 mm. wide; base, 11 mm. 


This species from the Crawfordsville, Indiana, beds at a higher horizon than the pre- 
ceding, represents a modification toward a solid anal structure similar to what is observed 
in species of Taxrocrinus like T. ungula and T. giddingei; there is a median tube-like series, 
but it is bordered by plates much stronger than ordinary perisome; those adjofning the rays 
are nearly as large as regular interbrachials, but those next to the tube are smaller and more 
irregular. The only specimen we have showing the posterior side is crushed, and the 
arrangement of these parts disturbed. The authors in describing the species compared it 
with Forbesiocrinus multibrachiatus of Lyon and Casseday, from which they had difficulty 
in distinguishing it, but did so on the ground of the anal structure as follows (op. cit., 51): 


In our species the azygous area is larger than the regular interradial areas, and has a series of five 
long longitudinally convex plates in the middle of the area, resting upon the truncated upper side of a 
basal plate, and extending as high as the third secondary radial; and on each side of this ridge of plates 
there are several smaller polygonal plates, and others extending beyond. 


The similarity to F. multibrachiatus is still stronger when we consider the specimens 
of that species such as I have illustrated on Plate XXVIII, where there is a tendency to 
differentiation of the median plates of the anal area in form of a tube; and the presence of 
numerous ranges of interbrachials—far more than observed in any other species of 
Parichthyocrinus—must be also considered. It is a doubtful question, but I have been led 
to retain the species here by reason of the decided flatness of the arms, and the fact that 
F. multibrachiatus does not otherwise occur in the Crawfordsville beds but at a different 
horizon in the same formation, and also because the recent acquisition of a second specimen 
from the same beds confirms fhe general habitus. It is exceedingly rare, these being the 
only specimens found among the many extensive collections made at that famous locality 
during over fifty years. 

Types. Miller and Gurley’s original is in the Walker Museum, University of Chicago ; 
that of figure 6 in the author’s collection. 

Horizon and locality. Lower Carboniferous, upper part of Keokuk group, above the 
Indian Creek horizon; Crawfordsville, Indiana. 
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ONYCHOCRINUS Lyon and Casseday 
Plates LXIV-LXXIV, LXXV, figs. 14, 15; text-fig. 8 


Onychocrinus Lyon and Casseday, Amer. Jour. Sci., (2) XXIX, 1860, p. 77—-Meek and Worthen, Proc. 
Acad. Nat. Sci. Philadelphia, 1865, p. 140, footnote; ibid., 1866, p. 255; Geol. Sury. Illinois, II, 1866, 
p. 242—Wachsmuth, Amer. Jour. Sci., (3) XIV, 1877, p. 185; Ann. and Mag. Nat. Hist., (5) I, 
1878, p. 457-—Von Zittel, Handbuch Palaeontologie, I, 1870, p. 353; Grundztige Palaeontologie, 
1895, p. 138.—Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1879, p. 53; ibid., pt. 3, 1886, 
p. 145; Proc. Acad. Nat. Sci. Philadelphia, 1888, pp. 344, 353; ibid., 1890, pp. 353, etc—Miller, 
~N. A. Geol. and Palaeontology, 1880, p. 264.—Zittel-Eastman, Textbook Paleontology, 1896, p. 163, 
2d Ed., 1913, p. 206.—Jaekel, Zeitschr. d. deutsch. geol. Gesell., for 1897 [1898], p. 46—Bather, Rep. 
Brit. Assoc. for 1898 (1899), p. 923; Treatise on Zoology (Lankester), pt. 3, 1900, p. 190.—Springer, 
Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1906, p. 519. 

Oligocrinus Springer, Amer. Geologist, XXX, 1902, p. 95; Jour. Geology, XIV, 1906, p. 519. 


Fic. 51. Onychocrinus 


Taxocrinidae with rays more or less widely separated above interbrach- 
ials. Infrabasals low, usually exposed beyond. the column. Posterior basal 
elongate. Radianal, if present, only in upper oblique position. Interbrachials 
variable, few to very numerous. Primibrachs three or more. Arms heteroto- 
mous, in ten main trunks bearing ramules. Column enlarging next to calyx. 

Genotype. Onychocrinus exsculptus Lyon and Casseday. 

Distribution. Lower Carboniferous, Lower Burlington and equivalents 
to Kaskaskia; the United States and Great Britain. 
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Onychocrinus is the first genus among the Taxocrinoidea in which the true heter- 
otomous arm structure became thoroughly developed. Its characteristic feature, giving to 
its typical forms a habitus wholly distinct from that of any other genus of the Flexibilia, 
is the division of the ray into two free trunks or rami, on which the arms are borne as 
subordinate, branching ramules, along with the extension of the main ray by the lateral 
union and interlocking of one or more pairs of secundibrachs, so reduced in size that the 
two together prolong the ray for some distance above the axillary at about the same size as 
below. The extent of this union is a matter of age in the individual; in young specimens 
the interlocking of the secundibrachs has not begun, while in the mature forms of some 
species it extends to five pairs of brachials. The genus is a direct development from 
Taxocrinus (analogous to that of Barycrinus from Cyathocrinus), having the anal charac- 
teristics of that genus carried to the extreme; and with a very young specimen it is difficult 
to distinguish between the two genera unless enough of the first ray division is visible to 
show whether it forks again by equal bifurcation; if not, it cannot be Taxocrinus. 

Along with this character is a tendency to increase in the number of primibrachs, which 
in certain species gives an added length to the already long, free rays, and as said by Meek 
and Worthen (Geol. Surv. Illinois, vol. 2, p. 243) “imparts a peculiar physiognomy to the 
whole fossil quite obvious even to the most careless observer.” These authors, at the place 
cited, gave a most excellent discussion of the characters of the genus, and especially pointed 
out that along with its free rays, it has the anal tube of the typical Tarocrinus. In the 
extreme species, where the arms are borne in small clusters near the extremity of the free 
rays, there is also a strong tendency for the whole crown to assume an extended position, 
with the rays projecting horizontally from a rather small central disk, suggesting to those 
authors comparison with a starfish or an Ophiuran, especially with the existing genus 
Astrophyton. This resemblance had led Lyon and Casseday, the authors of the genus, to 
the opinion that it forms a connecting link between the Crinoidea and Asteroidea; a view 
which Meek and Worthen, in the discussion above cited, showed to be without good foun- 
dation—“ the resemblance being merely simulative, and not due to any close analogy of 
structure.” 

The greatest increase in the number of primibrachs is seen in one of the British species, 
O. polydactylus, in which they amount to 6 or 7. The first American species has only 3, 
after which follows a strong line of species with 4, being all of the extreme form; then the 
structure returns to the original 3, with which the genus ends.- These differences are not 
irregular, but hold good for the species in America with few exceptions. 

We have been able in Onychocrinus to study the ventral structure with unusual 
thoroughness in two of the species, and to demonstrate for the second time among the 
Flexibilia by perfect specimens the existence of the open mouth and pliant tegmen, by which 
they differ so sharply from the other grand divisions of the crinoids. The genus represents 
the extreme of the flexible characteristics on which the order is based; the lower calyx 
plates are rather thin, while those of the free rays are very deep and strong; but the whole 
crown in some of the species could assume any position, from a complete horizontal disten- 
sion of calyx and rays to one with the rays vertical and closely folded. We find specimens 
in all varieties of these positions, and on account of such extreme changes the usual measure- 
ments are not of much service. A useful basis of comparison is found in the relative length 
of the ray below the fork, and of the main trunks or rami above it; there is a very well- 
marked progressive variation in regard to this character through a line of species, from 
those with very short rami in the Burlington to some in the Keokuk and Kaskaskia with 
rami two or three times as long as the ray below them. 

Lyon and Casseday proposed the genus upon the Keokuk species exsculptus, which 
represents the extreme form so well described by Meek and Worthen. The former authors 
did not include it in their species ramulosus, which they had previously described under 
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Forbesiocrinus, and which now represents one of the most important groups of the present 
genus. Hall did not recognize Onychocrinus, and put asteriaeformis under Forbesiocrinus. 
Meek and Worthen, on the other hand, referred not only this but some species of Taxocrinus 
to it, on account of having an anal tube which they then considered a special character of 
Onychocrinus. 

If characters were to be given the same value here as in some other cases, it would be 
possible to subdivide this genus into several. It stands as a very distinct type, sharply differ- 
entiated from all other Taxocrinidae by its heterotomous arms. Included within this type 
are species characterized by three different kinds of heterotomy, and by very constant differ- 
ences in the number of primibrachs and in the development of interbrachials, some or all 
of which under other circumstances would be held to be generic characters. Here, however, 
we have a highly specialized type limited in geological range to the Lower Carboniferous, 
and exhibiting many and rapid changes on approaching the extinction of the family. Under 
such conditions it may happen that characters which have been important elsewhere in the 
same family become subordinate or wholly worthless. 

Other types have run the same course. There are cases where a species, just at the 
close of the life of a genus, has been known to exhibit a jumble of characters which at an 
earlier period in its history had been constant and reliable for several well-defined species. 
An example of this is seen in the Camerate genus Dolatocrinus, in which during the Onon- 
daga epoch the number of arms was a good specific character, while in a rampant develop- 
ment in the Hamilton, on the eve of extinction, these same characters appear worthless,— 
irregular variations within the limits of species otherwise perfectly well-defined. Therefore 
it seems to me the most logical course to treat the present form as a somewhat comprehen- 
sive and vigorous generic entity, embracing a number of unusually well-marked species. 

In 1902 I proposed to separate O. asteriaeformis from the genus because it differed 
from all the other American species in having the ramules unilateral, branching only to the 
outside of the dichotom instead of alternately from each side, and accordingly published 
the name Oligocrinus for that purpose. The considerations above mentioned have con- 
vinced me that such a course is undesirable under the circumstances. The Irish species 
Taxocrinus polydactylus of M’Coy, which is of this type, has the ramules branching only 
toward the inside of the dichotom, and there would be equal reason for creating a new genus 
for it. This would be a greater refinement than is justified with two such isolated species, 
and I think it preferable to abandon the name already proposed. A better reason could be 
given for making two genera out of those forms that would remain under Onychocrinus, 
which fall into some rather well-marked sections containing assemblages of species. Between 
two such species as O. exsculptus and O. ramulosus there is a difference in habitus, as well as 
in strong morphological characters, far greater than between the former and O. asteriae- 
formis, on account of which under some circumstances we should without hesitation pro- 
pose a new genus. 

But in view of the stronger distinctive character by which all the species of this type 
depart from the rest of the family, and by which they are so conspicuously united, I believe 
it the better practice to regard the differences in heterotomy as minor details, wholly subor- 
dinate to the more general plan. Adopting this course, the species form a compact, satis- 
factory genus, well limited geologically, one in which the leading forms are sharply differen- 
tiated from one another. Unilateral heterotomy is not uncommon in other groups; but 
bilateral, alternating heterotomy is a new feature pointing toward pinnulation, and the most 
characteristic species of the genus are those possessing it. Treating the former as in this 
case a minor variation, and separating O. polydactylus as a very extreme form imperfectly 
known, the species will form two groups, which from the two best known species repre- 
senting them may be called the exrsculptus group and the ramulosus group. 
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The first is the extreme and typical form on which the genus was founded, and under 
which it was discussed by Meek and Worthen, viz., the form with profuse interbrachials 
and a tendency to extend the free rays to resemble a starfish; the second is a form with 
equally prominent heterotomy, but having a very slight development of interbrachials and 
no tendency to horizontal extension, and also having much greater length of the rami. 
These represent the two extremes also found in Taxvocrinus, from which they may well be 
derived by the addition of complete heterotomy in the arm branching—the exsculptus group 
from species like Taxocrinus intermedius, and the ramulosus group from the typical Taro- 
crinus like T. macrodactylus. 

From an evolutionary standpoint sub-divisions of the two genera upon these lines 
might perhaps be an advisable procedure. The difficulty would be to find a dividing line 
in Taxocrinus, where the change from few to numerous interbrachials is so gradual. A still 
stronger objection is that the course of development of interbrachials is not the same in the 
two genera; for whereas in Taxvocrinus it is by way of a progressive increase, maintained 
to the last, this is reversed in Onychocrinus, in which the later phases are those of retro- 
gression—the most profuse growth of interbrachials being in the species from the lower 
half of the Lower Carboniferous. But at all events this distinction will make two rather 
conspicuous sections under Onychocrinus. The first group begins so far as we know in the 
Burlington and ends in the Keokuk, while the other begins in the Keokuk and ends with 
the family in the Kaskaskia; and there is a somewhat intermediate form in the St. Louis. 

I have already alluded to the fact that the alternate branching of subordinate ramules 
is suggestive of pinnulation, the absence of which is such a remarkable characteristic of 
the Paleozoic Flexibilia. Not only so, but there is in the very last American species, on the 
eve of the extinction of the entire group, a more direct tendency toward pinnulation, by the 
frequent reduction of the intervals between the ramules to two brachials; a very slight 
further modification, reducing the intervening brachials to one or uniting them by syzygy, 
would produce a condition of arms nowise essentially different from that of a ten-armed 
comatulid. This condition is approached in a new species from Scotland, O. wrighti, found 
since the foregoing was written, which in the upper arm regions has some ramules alternating 
on every successive brachial. 

The stem of Onychocrinus reached the maximum length for the Flexibilia, being long- 
est in O. ramulosus, in which it attains a length of three feet. In exsculptus, where we also 
have it complete, it is considerably shorter. 

Representing, as it does, a high specialization of the Taxocrinidae, the genus was not 
very long lived, being limited to the Lower Carboniferous; and it had its chief development 
in America. The Irish species, of which the known material is too meagre for critical study, 
is from strata probably corresponding to the later American rocks of that period. In the 
length of its free rays it is the most extreme form, but in the other characteristics it would 
go with the ramulosus group. We have fragmentary evidence of the existence of the genus 
in the Knobstone beds, but no trace of it has ever been found in the lower beds at Burling- 
ton. Two well distinguished species of the evsculptus type occur in the Upper Burlington, 
but the culmination of the genus was in the Keokuk. There three splendid and beautifully 
distinct species flourished in abundance, one apparently a lineal descendant of the Burlington 
species in the lower of the two Keokuk horizons ; and the other two, types of the two groups, 
side by side in the same colony of the other and later Keokuk horizon. The St. Louis and 
earlier Kaskaskia formations have two intermediate species, and the later Kaskaskia, which 
marks the extinction of the genus, has a very distinct successor of the ramulosus type. The 
last is now represented by a similar species from the closely equivalent Hurlet limestone of 
Scotland. 
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Of the fifteen described species belonging to this genus, five are synonyms or insuffi- 
ciently defined for identification. The remaining ten may be arranged as follows: 


THe SPECIES OF ONYCHOCRINUS 


I. Exsculptus Group. 


iBr numerous and well-developed. 
Ramules unilateral, outside of dichotom. IBr 3.............. O. asteriaeformis. 


Ramules bilateral, alternating on both sides of dichotom. 
IBr 4; rami strongly diverging. 
Rami short, with few divergent clusters of stout ramules. 


Ramules at intervals of 3 or more. 
Nia aleatuibeusradalll ia cs, seieaye at iesipsyeuss Sys ietoyo! save ueyte aseeve epee er tutes) ers O. diversus. 
Rami longer, rays short and robust, clusters of stout ramules 
more than 5 in number. 


Niall De wp a ewer emote a ena stsise 3 6 ayeyan cha ie caste oterebedeielees.« Gn eue iets O. ulrichi. 
Rami longer than main rays below, slender and gradually 
tapering. 
Ramules delicate and clusters numerous.................. O. exsculptus. 


Il. Ramulosus Group. 
iBr few; areas chiefly filled by perisome. 
Ramules bilateral, alternating. 
Rami much longer than main rays below. 
Small iBr frequent in higher axils. 
Rami strong. 
Ramules not divergent, long, branching at long intervals 
and not forming clusters; united to main ramus for 
several brachials or connected by small iBr. 
iS Tesh MUS teAMOK ETTORE )\-rosveinss Mile che woee eeeei ewe e eet ae eee O. ramulosus. 


Small iBr rare in higher axils. 
Rami slender. 


Ramules divergent; delicate, in clusters at intervals of 3, 
or 2 in upper part. 


IBr variable, 3 or 4; IIBr 3. 


INAS SMITLASSIV.E hares a cla eles sau uceeaetay estan S.A o Sea OES ed O. magnus. 
Raws rolatsnrelhy Slender oooocccodcana2000009000000000¢ O. distensus. 
Rami strong ; ramules thick, not in clusters, at intervals of 3 

and. 2. 
MB yesh WB ea an dos hetsc 4 seis sedans Pee eras eee Savane O. pulaskiensis. 
iBr4= Bra \ramules at imtervalsiof 3) 2iand f..+.5...--4.- O. wrighti. 
IBr 5 or more. 

Ramules unilateral, inside of dichotom.............. O. polydactylus. 


insmilveiem Glypactehimedune tpy eee -te.fysi. ternal a ese soles Sc ices Reese O. semiovatus. 
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Onychocrinus asteriaeformis (Hall) 
Plate LXIV, figs. I-10 


Forbesiocrinus asteriaeformis Hall, Jour. Boston Soc. Nat. Hist., VII, 1861, p. 320; Descr. New Species 
Crinoidea, p. 9 —Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, IX, 1865, p. 140.—Hall, 
Bull. 1, New York St. Mus. Nat. Hist., Photographic Plates, 1872, pl. 6, figs. 10, II. 
Onychocrinus asteriaeformis, Meek and Worthen, Geol. Surv. Illinois, II, 1866, p. 243—-Wachsmuth and 
Springer, Revision Palaeocrinoidea, I, 1870, p. 54. 
Oligocrinus asteriaeformis, Springer, Amer. Geologist, XXX, 1902, p. 96; Jour. Geology, XIV, 1906, pl. 6, 
fig. 16. 


The smallest species of the genus. Crown elongate when folded; but fre- 
quently extended in the form of a five-rayed star, with a broad, shallow calyx 
in the center. Rays below broad and stout, two and one-half times as long as 
the rami above; branching after 3 or 4 double series of interlocking IIBr 
beyond the axillary IBr into 2 small rami; these do not diverge, but continue 
about parallel and rather close together, giving off ramules on the outside of 
the dichotom only, tapering gradually to slender extremities and ending in an 
equal bifurcation. Ramules 3 or 4 to each ramus, long and slender, branching 
once as a rule; the lowest one sometimes branching twice at short intervals, 
forming a small cluster. Interbrachials well developed. Sutures slightly 
arcuate, often appearing straight in lower part of ray. 

IBB low, in form of a thickened columnal. BB of good size, appearing 
in form of pentagons as high as wide. All brachials relatively short and wide. 
IBr 3. IIBr united by the inner margins directly or through small iBr to the 
extent of 4 or 5 pairs in mature specimens, but separating at the axillary in 
young. First ramule on third I] Br, with intervals of 3 and 4 brachials beyond. 
First iBr large, with 2 or 3 large ones in second range, diminishing in one or 
more successive ranges to a rounded crescentic margin about the height of 
IBr 2 or 3. Anal tube strong, with deep sub-central socket. Column large, 
tapering slowly from the calyx, and passing into alternating long and short 
columnals. 

Dimensions of average of 9 mature specimens: Length of ray below 
fork, measured from IBB to axil, 25 mm.; of ramus, from fork to axil of 
terminal bifurcation, 10 mm.; diameter of calyx above IBr, 19 mm.; of base at 
column facet, 5 mm. 

Hall did not recognize Lyon’s genus Onychocrinus, and so placed this extreme form 
under Forbesiocrinus, which was his favorite dumping ground for Carboniferous Flexibilia. 
The species was not illustrated when described, but good figures of both type specimens, 
photographed from drawings by Whitfield, were distributed privately in 1872. I have 
given new figures of both, with an additional series of five specimens by which all the char- 
acters are amply illustrated. These are remarkably constant; in 19 specimens the number 
of IBr does not vary from 3, except in two rays. 


This is the most extended of all the species in the spreading of the arms, and thus falls 
readily into the exsculptus group. Tested by the relative lengths of the main ray and of the 
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rami above the fork, it forms the beginning of a series in which the length of the rami 
progressively increases until they equal and then greatly exceed the main ray. And it differs 
from them all in the unusual feature of having the ramules branch only to the outside— 
a structure which finds a parallel in the highly specialized Camerate species Dichocrinus 
polydactylus. It is otherwise well-distinguished from the other species occurring in the 
same horizon, O. diversus, by its 3 [Br and small, non-divergent rami. 

A fact of individual growth which runs through the Onychocrini, to be noted in this 
form, is the progressive joining of the rays by interlocking of I1Br above the axillary. In 
young specimens they separate at once; then the first pair of [1Br are united, and so on 
until in mature specimens they are joined beyond the first ramule, and to the fourth or fifth 
pairs of brachials. 

Types. One of Hall’s originals (Pl. LXIV, fig. 1), formerly in the collection of 
Dr. C. A. White, is in the author’s collection; the other (fig. 2), formerly in the collection 
of Rev. W. H. Barris, is in the Museum of Comparative Zoology at Harvard. The others 
figured are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Upper Burlington limestone; Burlington, 
Towa. 


Onychocrinus diversus Meek and Worthen 
Plates LXV, figs. 1-7; LXVII, figs. 11a, b 


Onychocrinus diversus Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, (1) XVIII, 1866, p. 256; 
Geol. Surv. Illinois, IJ, 1866, p. 243; tbid., III, 1868, p. 492, pl. 17, figs. 5a, b, and text diagram — 
Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1879, p. 54; N. A. Crinoidea Camerata, 
1807, p. 123. 


A large-sized species. Crown short and broad; and with rays extended 
forming an irregular five-rayed star bilaterally differentiated by the anal inter- 
radius. Calyx comparatively small and depressed. Rays large, the part below 
the fork nearly twice as long as the rami above it; deeply rounded; free from 
about the second primibrach, and continuing about the same size from there to 
the second or third pair of secundibrachs. Rami strong, short, widely diverg- 
ing, tapering to small ends. Ramules bilateral, branching in strong clusters 
alternately from both sides of the dichotom at intervals usually of 3 brachials; 
number of clusters rarely exceeding 5. Sutures but little arcuate, and in 
slightly weathered specimens appearing nearly straight on the main rays, but 
more curved above the division. Interbrachials well-developed, with strong 
plates in the first one or two ranges, followed by gradually diminishing plates 
curving over to a connection with the tegmen; leaving a broadly curved, cres- 
centic margin connecting the rays and followed by perisome. Surface smooth, 
or finely granulose. 

IBB low, visible above column, resembling a columnal. BB in form of 
jlarge pentagons, with post. B much the larger, rising high between RR. 
RR and [Br of similar form, very thick, wider than long, diminishing gradu- 
ally in length. IBr 4. IIBr 3 (exceptionally 4), interlocking in pairs, with 
somewhat zig-zag sutures (in young specimens less than the full number inter- 
lock) forming extensions of the ray of about the same width as the IBr; rays 
diverging about third pair of IJBr at a wide angle, more than go degrees, 
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forming distinct rounded branches. Near the outer base of each branch a 
small ramule is given off from the short outer sloping face of axillary I]Brs. 
The main branch continues from the longer, inner sloping face of the axillary, 
and a similar ramule is given off from the inner side of [1] Brs; another on the 
outside on about the third brachial; and so on alternately to a total of 4 or 5 
ramules (in mature specimens, fewer in young), ending in an equal bifurca- 
tion; the last two or three divisions are without much divergence. Each 
ramule bifurcates on the second or third plate, and again once or twice with 
short intervals, producing five or more ultimate arms to the ramule; these 
are rounded and short, forming clusters at the extremities of the main rami 
where they curve toward the ventral side and fold together in bunches like 
the fingers of a clenched fist. Brachials in the ramules, as well as main rami 
above IIBr, short and wide, and usually with arcuate sutures. All brachials 
from the first primary on becoming free are very deeply rounded, with a deep 
ventral furrow ramifying into the ramules. 1iBr in 3 or 4 ranges extending 
to second or third [Br. Anal tube apparently small, not preserved above first 
plate in any of the specimens, which shows that it was fragile and bordered by 
weak perisome. Column of moderate size; the enlargement at calyx slight, 
tapering gradually downward and passing into alternating, rather short 
columnals, which in mature specimens are more or less convex, the longer 
ones projecting above the others. 

Dimensions of average large specimens, such as the type, figure 1: length 
of ray from IBB to top of angle of divergence—that is, the ray below the 
fork-—35 mm.; of rami above the fork measured to axil of terminal bifurca- 
tion, 20 mm.; diameter of calyx, 30 mm.; of base at column facet, § mm.’ 


This species is typical of what may be called the extreme form of the genus, having 
widely distended free rays, and a considerable number of iBr plates curving inward over 
the margins, accompanied by a frequent complete horizontal extension of the whole crown. 
In this respect the description would apply as well to several species, which might be taken 
with it to form a fairly distinct group within this genus, viz., O. asteriaeformis, O. ulricht 
and O. exsculptus. Meek and Worthen in discussing the reasons for separating the species 
from Forbesiocrinus (Geol. Sury. Illinois, vol. 2, p. 242) gave the following excellent 
picture of it: 


If we could open and spread out the rays of a Forbesiocrinus upon a plane as far in as to the second 
radial pieces, and then divide each of the interradial series of plates and fold them up so as to cover the 
vault, and apparently to some extent the free rays, somewhat in the manner suggested by Prof. Agassiz 
for the ideal conversion of an Echinoid into a Starfish, we would have a form very like the extreme 
Onychocrinus. © 

The ramules are in strong clusters of 5 or 6 fairly stout finial branches, but the clusters 
are few in number, not exceeding five counting the terminal one, and usually not so many. 
Also the clusters diminish in size distally ; while the lowest may have 5 or 6 branches, those 
above that have progressively fewer, until the last equal bifurcation has two finials to each 
branch. 


1 The same measurements will be made for all the species. 
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In general aspect, especially when the rays are horizontally extended, this species super- 
ficially resembles O. asteriaeformis of the same horizon and locality, but the differences 
between them are constant and decisive. O. asteriaeformis has almost without exception 
only 3 primibrachs; in 19 good specimens, having 68 rays preserved, only two rays have 
more than 3 [Br; while in 17 specimens of O. diversus, having 48 rays preserved, less than 
4 [Br are found in only 8 rays. The species can be separated at once with a fragment show- 
ing the terminal part of the ray, not only by the small and non-divergent rami in O. asteriae- 
formis, but by the succession of ramules, even if only the outer margin of the ramus can be 
seen. In the latter, ramules will be found successively at intervals of 3 brachials (excep- 
tionally 4) ; while in O. diversus the interval at that side will be 6 brachials (the intermediate 
ramule being on the opposite side), and the clusters of ramules will be very much larger and 
fewer than in the former species, in which there are from 8 to Io clusters, against a maximum 
of 5 in this. Also O. diversus is much the larger species of the two. 

The species is quite rare. Although the 17 specimens in my own collection and that of 
the Museum of Comparative Zoology form a good series for its study, these are substan- 
tially all that have been found among the collections made at Burlington in fifty years. The 
preservation of the specimens of the genus at this locality is not favorable for fine structural 
details ; but these are amply supplied by the next species. I have figured the two types, one 
of which, showing the ventral side with the distal ends of the infolding clusters of ramules, 
has been further cleaned, exposing the posterior oral and some adjoining structures dis- 
placed (Pl. LXV, fig. 2). The other one, giving the dorsal view (fig. 1), is a very mature 
specimen, having all the I[Br interlocking in pairs. My figure shows some parts of rays 
not seen in the original figure in the Illinois Report; these were accidentally detached from 
the specimen, then in a fragile condition, when that figure was drawn by Mr. Roetter. In 
the fine specimen shown by figure 3 the clusters of ramules on the right posterior ray are 
somewhat obscured by a hard matrix, and I have restored them from another specimen, in 
which they are extremely well-preserved, and which shows the exact mode of branching. 
This specimen is not symmetrically extended, the anterior and right anterior rays being fore- 
shortened ; the latter is abnormal, having only 2 [Br. 

Types. Meek and Worthen’s originals are in the Museum of Comparative Zoology, 
Harvard. The other specimens figured and studied are in the author’s collection. 


Horizon and locality. Lower Carboniferous, upper Burlington limestone; Burlington, 
Towa. 


Onychocrinus ulrichi Miller and Gurley 
Plates XXT, fig. 5; LXVI, figs. r-10; LXVII, figs. 1-10; LXVIII, figs. 1-6 


Onychocrinus ulrichi Miller and Gurley, Jour. Cincinnati Soc. Nat. Hist., XIII, 1890, p. 17, pl. 3, figs. 2, 3; 
Descr. New Species Crinoidea, p. 17, pl. 3, figs. 2, 3 (author’s ed.) ; Geol. Surv. Indiana, 16th Rep., 
1890, p. 339, pl. 3, figs. 2, 3—Wachsmuth and Springer, N. A. Crinoidea Camerata, 1897, p. 123; 
Springer, Jour. Geology, XIV, 1906, p. 469, pl. 4, figs. 1-5. 

Onychocrinus cantonensis Miller and Gurley, 16th Rep. Geol. Survs Indiana, 1890, p. 350, pl. 7, fig. 9. 


A large species of the type of O. diversus, and representing it in the suc- 
ceeding formation; differing from it only in minor details. It has a relatively 
larger calyx; the rays are rather stouter and rami relatively longer, with 
clusters of ramules more extensively developed, reaching the number of 7 or 9 
in maximum specimens, against not over 5 in similar specimens of O. diversus. 
The anal tube is stronger, the socket in post. B larger and subcentral, nearly 
as wide as its distal edge; iBr more numerous and reaching higher up, even 
sometimes to the IIBr. Comparison of the figures of mature specimens of 
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O. ulrichi like figures 1, 2, 3, 10 of Plate LXVI with those of similar speci- 
mens of O. diversws on Plate LXV will show the differences better than 
detailed measurements. As to these characters there are various intermediate 
stages, so that if the specimens were found together in the same horizon it 
would be almost impossible to distinguish them. Maximum specimens in the 
same condition as the type of O. diversus measure 40 mm. length of ray to the 
fork; 30 mm. length of ramus above fork; diameter of calyx, 38 mm.; of base, 
gmm. The column is rather larger, with less convex nodal ossicles; we have 
it to a length of 15 inches (only part shown in the drawing) in the specimen 
figured 4, Plate LX VI, at which point cirri begin to appear, indicating a prob- 
able length of three or four inches more. 

The number of IBr is remarkably constant at 4; in 30 specimens with sub- 
stantially all the rays visible, 16 are regular throughout, 11 vary in one ray, 
and 3 in two; or out of 146 rays, 135 have 4 or more, and only 11 have 3. 


The affinities of this Keokuk species are far closer with the antecedent Burlington form 
than with either of the other two Keokuk species, which occur at a slightly higher horizon. 
It is one of the leading fossils in the prolific crinoid bed of Indian Creek, Montgomery 
County, Indiana, where it has been collected in two colonies about a quarter of a mile apart. 
The horizon is in the upper part of the Keokuk group, doubtless representing the geode bed, 
but not quite so high as the Crawfordsville bed. The crinoids were imbedded in a thin 
stratum of bluish argillaceous limestone, very homogeneous in texture, and soft enough to 
be easily worked with tools; they had been deposited in very quiet waters, so that the stems 
and arms were intact and the finer structures beautifully preserved. The specimens were 
abundant, about 75 having been recovered in good condition for study. With these favor- 
able conditions it has been possible to make a number of preparations which have thrown a 
flood of light upon structures previously unknown in this genus, and have furnished the 
means of illustrating the tegmen and the relations of the anal series to it, probably for the 
whole group, with a completeness not before dreamed of. 

Up to the time of these discoveries nothing was known of the ventral structure of 
Onychocrinus, although from analogy with Taxocrinus its disk was supposed to be com- 
posed of a soft skin with calcified ambulacra. This was confirmed, and in 1906 I published 
an account of it with figures of some of the specimens (Jour. Geology, vol. 14, p. 467). The 
limits of that paper did not admit a full exposition of the material, a selection of which has 
now been assembled and fully illustrated upon Plates LXVI, LXVII and LXVIII. 

In addition to the type, now further cleaned since the first figure was published by 
Miller and Gurley, there are figured on Plate LXVI a series of specimens showing the gen- 
eral form and proportions, with “instructive details of the rays, ramules, interbrachial and 
anal structures, in individuals of different stages of growth from very young to mature, all 
in vertical position with the arms erect. The external appearance of a perfect anal tube 
with the bordering perisome in good condition on both sides, as well as full details of the 
mode of branching in the clusters of ramules, are shown by the beautifully preserved speci- 
men at figure 2. Figure 4 has the stem to a distance of about twelve inches more than is 
shown in the drawing; it continues with about the same alternation of short, non-projecting 
columnals until toward the distal end, where they become more equal, and small scattered 
cirri begin to appear; it was probably 18 to 20 inches in total length. The growth of inter- 
brachials is shown by the contrast between figure 8a with its single plate in the axil, and 
figure 3 with 20 or more iBr rising on either side in a deep crescent to the height of the 
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second or third IIBr. The series also shows a corresponding progression in the lateral 
union of the pairs of I[Br forming the continuation of the main ray, from a partial attach- 
ment of one pair in the young to a union of three directly, and of more by the aid of ilIBr in 
the mature. 

Plate LX VII contains a series of preparations for the special illustration of the teg- 
minal, anal, and oral structures. Figure 1 gives a dorsal view of the anal tube and the 
form of the posterior basal, as seen upon a specimen with rays horizontally extended. 
Figure 2a is a ventral view of a similar specimen with the tegmen preserved but somewhat 
broken down, including the plated perisome, parts of ambulacra, oral plates and those con- 
necting with them; and especially the anal tube, which is quite perfect, curving to the right 
behind the posterior oral, with the folded perisome attached for its full length at one side. 
All of these appear more clearly in the enlarged figure of this central portion, 2b; the fold 
in the perisome at the right of the tube shows with accuracy the relation of the tube plates 
to the perisome, and that when in life this articulated series of strong plates was erected 
it simply raised a portion of the flexible integument into a conical tube, forming the rectum, 
to a height where the excrement could be discharged away from the oral center. 

In figure 3a the oral structures have fallen to the rear, partly overlying the tube with 
the perisome still attached at both sides; and 3b, an enlarged view from.a more favorable 
angle, shows the tube to its distal end as if it were imbedded in the perisome; the aperture 
. cannot be identified, being doubtless always closed by pressure upon the perisome. Figure 4 
is a detail from a large specimen in which the exact mode of connection of the perisome to 
the margin of the anal tube is shown; it is attached on both sides in its original position 
for a distance of four or five plates; at the fifth the tube has fallen over nearly at right 
angles, and the upper part has slipped away from the perisome, leaving exposed the grooved 
margin by which it was attached. In figure 5 we have the inner side of a tube from near 
the distal end, with the tubular wall of perisome attached but flattened by pressure ; the cross- 
section shows how it was attached to both margins of the anal tube plates. This figure 
leaves no doubt that the series of strong, articulated plates is really the backing and support 
of the rectum formed by a conical protrusion of perisome, thus constituting the anal tube of 
which these plates are the outer wall. Figure 6 is a fragment of similar tube plates of 
O. exsculptus, with the marginal crease for attachment of perisome well exposed. The tube 
is always found curved to the right under the edge of the posterior oral or its supporting 
plates. 

Passing now to the oral structures, we have in figure 7 an almost complete tegmen, with 
very little disturbance of the parts out.of their natural positions. The tegmen of the Flexi- 
bilia is so fragile that in most cases where the ventral side can be got at in the specimens the 
parts are broken down and piled in a confused mass at the bottom of the calyx. Such was 
the case with several of this species used during the earlier searches of Wachsmuth and 
myself for the ventral structures ; after patiently excavating the matrix with which every one 
of these cavities was solidly filled, we would come to a large, uncouth looking object at 
the very bottom having no apparent relation to anything around it. Nothing more being 
seen, we would give that up as a failure and try another, only to be followed by many such 
disappointments. That large, uninteresting object, which I supposed to be some foreign 
body accidentally lodged there when the crinoid was imbedded, was the posterior oral 
entirely displaced, with the other parts disintegrated beyond recognition ; but I did not know 
it then, nor for long afterwards. 

It was many years after the acquisition of these specimens, and after the fruitless 
efforts above described to find the ventral structure, that I again took up the search in the 
Indian Creek specimens. They were the most encouraging because of the firm and even 
texture of the matrix, and its freedom from pyritous nodules and incrustations which destroy 
the finer structures in the cavities of the Crawfordsville specimens. A number of them 
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were in horizontal position with the rays extended, but always adhering most firmly to the 
matrix at the ventral side, and had therefore been cleaned with the dorsal side free, as in 
figure 5 of Plate LXVIII. I took the most promising of these, seventeen in number, bedded 
them in cement by the dorsal side so they could be manipulated without breaking, and pro- 
ceeded to remove the matrix from the ventral side and explore the cavity with fine tools. 
It was a laborious and tedious task, covering several months, which could not be entrusted 
to another because every stroke had to be watched by the person most interested, so that 
he might know at first hand what was encountered, and be able to interpret the structures 
as they were disclosed. 

The first specimen was unproductive (Pl. LXVIII, fig. 4), showing nothing but the 
posterior oral standing nearly on end, which as before I did not recognize. The next was 
figure 7 of Plate LX VII, a medium-sized specimen with rays and calyx unusually widely 
distended ; working inward along one of the rays after uncovering the arms, I discovered 
the ambulacrum, and then the finely plated perisome; following carefully with these for 
a guide, the structures were one by one exposed until the whole appeared as now seen in the 
figure—a specimen worthy to rank with our celebrated specimen of Tasxocrinus intermedius, 
which first disclosed the real nature of the Flexibilia tegmen as distinguished from that of 
the other orders. I have given this somewhat minute account because these structures now 
look very plain and simple in the figures, and it might not be realized from inspecting them 
that every one of these delicately constructed tegmens was buried in a fine calcareous matrix, . 
from which it had to be exposed by long and careful work with sharp tools and fine needles, 
much of it under a magnifier. 

With that of figure 7 for a guide, the other specimens could be exposed with greater 
confidence, and the structures were afterward found more or less intact in several, as shown 
by the figures ; some especially clear in one detail and some in another, until they furnished 
about all the information one could hope to obtain from fossils. In none of the others were 
the structures so little disturbed as in figure 7, although figure 10 of the same plate, and 
figure 1 of Plate LX VIII, are almost as good for the general picture. 

Turning now to a more detailed inspection of the figures on Plate LX VII,—figure 7 
shows the correct relation of the several parts of the tegmen in its entirety; the strong 
ambulacra, with their large, elongate, alternating plates, are intact, and the oral pyramid 
between whose plates they converge to enter the mouth is almost in place; three of the small 
triangular, anterior orals, two of which are well seen from the view in which the specimen 
was photographed for drawing, are apparently exposed almost as they were in life; the 
fourth is displaced, being pushed in under the one at,the left so that only a small point of it 
can be seen in the figure. The most striking and unexpected thing about this tegmen is 
the extraordinarily disproportionate size of the posterior oral. In figure 7 it is nearly three 
times as large as the area of the other four combined; it is a relatively huge triangular or 
lance-head plate, with the other four orals converging around its blunted apex, at which 
there is an aperture where they opened out; the posterior ambulacra follow along its sides, 
and the anal tube, curling to the right, usually lies close to its base or large end. The rear 
corners are more or less truncated or cut away, and from them a series of large, gradually 
diminishing buttress-like plates pass to the rear next to the line of the posterior ambulacra ; 
only one of these is visible in figure 7, the others being broken off ; but they are intact and in 
position in figures 2a, b, and appear to a greater or less extent in the other figures. 

We have nothing analogous to these in the pliant tegmens of the Recent crinoids, but 
I suppose them to serve in some way as a support for the large oral. As they appear in 
these preparations the oral plates seem somewhat irregular in shape; this is in part due to 
their accidental positions, especially the large posterior oral which is usually more or less 
foreshortened ; the smaller ones are found partly imbedded in the debris of the broken down 
perisome, so that we see them variously exposed and from different angles of view; also 
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they may vary in size or shape in different specimens. In figure 7 the posterior oral is 
transversely bisected, which is not observed in any other case. That this plate is a madre- 
porite rather profusely perforated is best shown by figures 9a, b, which are enlarged views 
of the central part of a small tegmen in which the pores are quite plain. 

The greater portion of the disk was clearly membranous, with calcareous spicules or 
granules imbedded in it; except at the oral center and the ambulacral regions, which are 
occupied by rows of large, elongate, alternating plates more or less tumid exteriorly, and 
keeled on the under surface as if for lines of muscular attachment. The ambulacra extend 
from the oral center along the rays to the point of bifurcation, beyond which they have not 
been traced; but they no doubt follow the arms in a modified form. The three anterior 
ambulacra pass in between the bases of the-four small orals, much as they do between the 
‘plates of the oral pyramid in Holopus (Pl. A, fig. 8). The two posterior ambulacra first 
meet the outer corners of the large oral, thence run along its edges and pass in toward the 
mouth at the junction between it and the smaller orals. 

Whether these strong alternating plates were covering pieces arching over the food 
grooves, or were merely some kind of sub-ambulacral plates forming a support for more 
delicate plates which were not preserved, or for an ambulacral structure composed only of 
soft parts, 1 am unable to determine. The variation in size and shape of these structures in 
the living crinoids is very great, and there is no reason why plates as large as these may not 
have served as covering pieces, opening out when the orals did to admit the inward passage 
of the food-bearing currents. The membranous connecting integument between the ambu- 
lacra was reinforced by a close growth of calcareous particles, similar to what has been 
observed in Taxocrinus, Uintacrinus, and the disks of many Recent crinoids (fig. 9a). It 
extends far out along the rays, bordering the ambulacra as far as they have been traced. 
It is extremely frail in the fossil, and is of a slightly darker color than the calyx plates. 

Figure 8 throws further interesting light upon these structures, being the under or 
opposite side from that which we have seen in the others. The preparation was made by 
removing the calyx plates from the dorsal side—as if the specimen in figure 1 were stripped 
of its plates. We see the under side of the posterior oral, somewhat rough or wrinkled, and 
of some of the others at the angles between the ambulacra ; also the large opening, or mouth, 
which is roofed over by the pyramid of small orals in figure 7; and the keeled under side 
of the ambulacra is quite plain. 

Figures 11a, b are from a dissected calyx of O. diversus showing the form of the pos- 
terior basal, with its rounded upper margin, and exterior socket supporting the anal tube- 
plates ; it is further interesting here as showing the much smaller size of the tube in this 
species than in O. ulrichi, where the socket occupies about the entire distal width of the 
plate (figs. 1, 4). 

On Plate LX VIII, figures 1, 2 and 3 give further views of the same tegminal structures ; 
and figure 1 an especially good picture of the distal aspect of the clusters of folded arms, 
as they are also seen in figure 4. The latter, in which no part of the tegmen can be identified 
except the foreshortened posterior oral, is important for the unusual way in which it exposes 
the interbrachial system. Although extended almost horizontally, the margins of the rays, 
and of the interbrachial areas between them, are bent inward in a peculiar manner (as if 
especially intended to illustrate Meek and Worthen’s description of the Onychocrinus plan), 
so as to bring into view the interbrachials around the entire margin from the first ramule 
of one ray to that of another ; in some of these interradii there are 25 plates. 

Figure 5 is the dorsal view of a very symmetrical and horizontally extended specimen 
showing the relative proportions of calyx and rays when in that position, for comparison 
with similar specimens of O. diversus. Figure 6 is an attempt at restoration of the tegmen 
from the evidence of all the foregoing preparations, with special reference to the position 
and functions of the anal series of plates as a backing or support of the rectum, which is a 
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conical extrusion of the perisome back of the posterior oral, curving to the right as we 
always find it. The number of these plates, about 13, and their relative size, are as actually 
found in large specimens with the tube intact ; and they are sufficient when erect to support 
the tube at a height and in a direction to effect the discharge of the excrement entirely 
away from the mouth. This must be considered in connection with text-figure 8,1 showing 
the manner in which the left posterior ray is grooved by pressure against the tube. 

Miller and Gurley’s O. cantonensis is a young specimen of this species from the equiva- 
lent horizon in Washington County. I have figured their type (Pl. LX VI, fig. 9), and along 
with it a mature individual from the same locality and horizon (fig. 10) ; the interbrachials 
of the latter are not all preserved in place. 

Types. Miller and Gurley’s original and -the type of their O. cantonensis are in the 
University of Chicago; the others figured and studied are in the author’s collection. ; 

Horizon and locality. Lower Carboniferous, upper part of Keokuk limestone below 
the Crawfordsville beds; Indian Creek, Montgomery County, and Canton, Washington 
County, Indiana. 


Onychocrinus exsculptus Lyon and Casseday 
INOS TEX, ilOSs OS IEZOX. GIS, H/o ILO, jiiGiSo th, 2 


Onychocrinus exsculptus Lyon and Casseday, Amer. Jour. Sci., (2) XXXIX, 1860, p. 78—Meek and 
Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1X, 1865, p. 140; Geol. Surv. Illinois, II, 1866, p. 247; 
ibid., V, 1873, p. 408, pl. 14, fig. 4—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, 
p. 55.—White, 11th Rep. Geol. Surv. Indiana, 1882, p. 365, pl. 40, fig. 1—Quenstedt, Handbuch 
Petrefactenkunde, 1885, p. 947, pl. 75, fig. 27—Springer, Jour. Geology, XIV, 1906, p. 474. 

Forbesiocrinus ? norwoodi Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1860, p. 380. 

Taxocrinus norwoodi, Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, IX, 1865, p. 142. 

Onychocrinus norwoodi, Meek and Worthen, Geol. Surv. Illinois, II, 1866, p. 245, pl. 17, fig. 3, p. 247, 
text-fig. 26. 

Forbesiocrinus monroensis Meek and Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1861 (1862), p. 130. 

Onychocrinus monroensis, Meek and Worthen, Geol. Surv. Illinois, II, 1866, p. 244, pl. 17, fig. 7. 


Type of the genus. 

Of the type of O. diversus, but still more elongate, and attaining a larger 
size. Rami longer than the ray below fork, slender, tapering gradually to fine 
terminals ; ramules in numerous clusters, small and delicate. Anal tube strong, 
with socket deeply indented, having a slightly raised margin, and located 
mostly on right side of post. B. Column large, long, tapering gradually from 
its proximal enlargement of uniformly very thin ossicles to alternating 
columnals, with narrow, convex, crenulated rim on the nodals; irregular cirri 
toward the distal end; otherwise generally similar to that of the last two 
species. Average dimensions of 6 mature specimens: Ray to fork, 45 mm.; 
ramus above fork, 56 mm.; diameter of calyx, 35 mm.; of base, 10.5 mm. 
Maximum specimen; ray 50 mm.; ramus, 75 mm.; total length of crown, 125 
mm.; clusters of ramules, 13 or more. Column of mature specimen, 550 mm. 
(22 inches) long. 

Comparison of the figures, as well as the dimensions above given, with those of the 


two preceding species, will show at once that this species is far more distinct from them 
than they are from each other, and that the striking and decisive difference is in the increase 
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in length of the main ray divisions or rami. The dimensions of these in representative 
mature specimens of the three species and O. asteriaeformis are: 


Ray | Ramus Diam. of calyx Base 
OQ), @SUOTHOC OPTUS o0000000c000008% 25 | 10 19 5 
OM dice rss cen apterstacia le were ee eee 35 20 30 8 
(O} HURRUC) OD As Mee Picked Asrs Bariea Me tl ere 40 | 30 38 9 
Omerscwl pis: Wea aiins omens stain 45 | 56 35 10.5 


Thus it appears that while in the two earlier species the ramus was from 60 to 43 per 
cent shorter than the ray, in this one it is 25 per cent longer; with this increase in length 
the rami are proportionally more attenuate, and the clusters of ramules much more numer- 
ous—being in mature specimens from 13 to 15 as against 7 to 9 in O. ulrichi, and 3 to 5 
in O. diversus. Thus in all these related characters there has been a progressive increase in 
the direction of elongation of the rami. The much greater delicacy of the ramules will dis- 
tinguish this species in a mere fragment, and also in the young where the other differences 
are not so marked. The species also attains a larger size than the others, a maximum 
specimen being 125 mm. in total length of crown, against 70 mm. in O. ulrichi. 

In this species also the number of [Br is substantially constant at 4, the variation being 
about five per cent in upward of 100 specimens; among these is an occasional ray with 
5 IBr, though most of the variation is to 3. Plate LXX contains a selection of figures of 
specimens from the same colony in various stages of growth, by which all these characters 
are beautifully illustrated. And on Plate LX XI, I have given a figure of two specimens just 
as they lie on the slab together, one showing the stem studded with small cirri toward the 
end, and the other having the stem entirely complete, with its strong cirri at the root. These 
figures, with a scale to correspond, are reduced to about half the natural size; so it can be 
seen that the complete stem is about 22 inches long. 

The ventral structure is the same as has been described for O. ulrichi, but is very rarely 
seen, notwithstanding the abundance of specimens at the typical locality. Figures 3, 4, 5 
of Plate LXIX represent all of it that has ever been discovered. Figure 3 is from one of 
Lyon’s specimens, upon which he made an excellent description of the vault, to the extent 
of identifying correctly the ambulacra, and the small irregular granulose “ interstitial pieces 
lying in the fields bounded by the five rays,” which he says “are composed of two rows of 
large granular pieces, one now alternating with the other” (Amer. Jour. Science, vol. 29, 
1860, p. 79). Figure 5 shows all the ventral structures except the small orals, which are 
doubtless buried in the perisome; it also gives an instructive view of the clusters of ramules, 
showing how they diminish in the number of ultimate arms from Io to 12 in the lower, to 
only 2 in the upper; six clusters are visible on the inside of the long ramus at the lower side, 
and there were one or two more, which would make at least 15 clusters for both sides of the 
ramus. 

It was upon this species that Colonel S. S. Lyon founded the genus Onychocrinus in 
1860. He recognized and correctly described its essential characters, viz., the long rays, 
with two gradually tapering branches fringed on either side with alternating clusters of 
what he called “ pinnules.’’ The widely extended rays, together with the traces of radiating 
ambulacra in the vault, impressed him strongly as forming a probable connecting link between 
the crinoids and star-fishes. 

Lyon was a very ardent student of the crinoids. Most of his descriptions, including 
those under this genus, were not illustrated, from lack of means to procure the printing of 
the necessary plates. He prepared, however, excellent drawings of all his type specimens, 
and arranged them upon twenty-three plates, intending to bring out a monograph of the 
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crinoids he had already described, together with a number of other species for which he had 
prepared descriptions which were never published. This project was interrupted by the 
Civil War, in which he served with distinction as an able officer, and after it was over his 
wounds and failing health prevented him from resuming the work. When in after years 
I acquired his collection from his family, these drawings were courteously turned over to me 
by his son, Mr. Victor W. Lyon, of Jeffersonville, Indiana, and I have much pleasure in 
publishing now his original figures of the two species of Onychocrinus. These show the 
excellent character of the work at that early day, which, while published under the spiny 
names of himself and Casseday, was actually for the most part done by Lyon alone. 

Figures 1, 2 of Plate LXIX are Lyon’s original drawings of O. exsculptus,—figure 2 
from a specimen in his collection, and figure 1 from another belonging to some one else, of 
which he had a plaster cast; its location is unknown. These specimens were from Craw- 
fordsville, and with them in his collection were several others from the same locality, includ- 
ing the original of his figure 3; but although the description gives as one locality Clear 
Creek, Hardin County, Kentucky, there was not in his collection any specimen of this species 
definitely so labeled, or which was not recognizable as unquestionably from Crawfordsville ; 
and I have not seen a specimen of it in any of the other collections made from Kentucky. 
Nevertheless it is highly probable that Lyon’s statement of locality is correct, as O. ramu- 
losus, the other Crawfordsville species, is represented by authentic specimens from Hardin 
County, and the present species has been found in the typical Keokuk of the Mississippi 
region. 

Meek and Worthen in 1860 described under Forbesiocrinus ? norwoodi an imperfect 
specimen from the Keokuk limestone at Nauvoo, Illinois, and another in 1861 (1862), 
Forbesiocrinus monroensis, from the Keokuk of Monroe County. Both were later rede- 
scribed and figured side by side in volume 2, Geology of Illinois, where O. norwoodi is by 
mistake stated to be from Monroe County also. It is plain that these specimens, which I 
figure on Plate LXIX, figures 7, 9, represent the young and mature stages of the present 
species. This is confirmed by the appearance of a third much better specimen in the Cox 
collection, found near Keokuk, Iowa (fig. 8), which has all the proportions and general 
characteristics of the Crawfordsville specimens. 

As showing how little this group was then understood, Meek and Worthen in describ- 
ing their F. monroensis, which has the anal tube finely preserved, were much perplexed by 
its appearance, describing the tube as a “ false arm, arising directly from the summit of the 
upper truncate side of the largest subradial. It seems even to be inserted into a sinus in 
the upper side of the subradial, yet one can scarcely believe it is anything but .one of the 
smaller divisions of the arms, accidentally broken off and placed in that position.” And they 
said the anal pieces were unknown. In the revised descriptions of 1866 they referred both 
species to Onychocrinus, and correctly interpreted the anal side in O. monroensis, which 
they found to be the chief means of distinction from Forbesiocrinus. They also admitted 
that O. norwoodi was probably identical with O. exsculptus; and the only differences they 
could point out between it and O. monroensis were its larger size, and “having the two 
divisions of each ray, after they divide in the last primary radial, continued on for some 
distance closely united instead of abruptly diverging.” This latter, as my figures on Plate 
LXIX show, is a difference due solely to the growth of the individual. This, I think, 
effectually settles the status of these two species as synonymous, and leaves us with the three 
clearly valid species from the Keokuk formation. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, Keokuk group ; Crawfordsville, Indiana ; 
Keokuk, Iowa; Nauvoo, and Monroe County, Illinois. 
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Onychocrinus ramulosus (Lyon and Casseday) 
Plate LXXII 


Forbesiocrinus ramulosus Lyon and Casseday, Amer. Jour. Sci., XXVIII, 1859, p. 237—Meek and 
Worthen, Proc. Acad. Nat. Sci. Philadelphia, 1865, p. 140—Quenstedt, Handbuch Petrefakten- 
kunde, 1885, p. 947, pl. 75, fig. 26. 

Onychocrinus ramulosus, Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1879, p. 55.—White, 
Geol. Surv. Indiana, 11th Rep., 1882, p. 366, pl. 30, figs. 2, 3—-Wachsmuth and Springer, N. A. 
Crinoidea Camerata, 1897, p. 75, table B, fig. 7. 


Attaining a large size. Crown elongate, height to width in mature speci- 
men as 3.7 to I. Rays strong, short, broadly rounded; free from about IBrz. 
Rami very long, two and one-half times as long as the ray below them; strong, 
tapering very gradually to fine terminals ending in equal bifurcations. Ramules 
bilateral, strong, long, given off alternately at intervals of 4 and 3 brachials, 
branching again several times at long intervals of 3 to 6, and not forming 
clusters; there are 13 to 15 in mature specimens. Sutures strongly arcuate 
throughout and patelloid processes often strongly marked. Surface finely 
granulose, usually found smooth. Average dimension of five large specimens: 
Ray below fork, 35 mm.; rami above fork, 87 mm.; diameter of calyx at IBrs, 
33 mm.; of base, 14 mm.; average of same dimensions in four small ones, 
I1-14-10-6. So the relative elongation of the rami increases greatly with age. 

IBB low, barely visible above the column. BB small in large specimens, 
but little visible except the post. B. RR and [Br similar in form and size, and, 
like all brachials throughout the ray, short and from two and one-half to three 
times as wide as long. IBr 3; I[Br to first ramule, 4, diverging in adjacent 
rami at a small angle and rarely united for more than one pair above the 
axillary. Higher orders of Br between ramules varying between 4 and 3; 
ramules bifurcating on third and fifth brachial, and beyond that up to five 
times at intervals of 4 to 7; they make only a small angle with the main ramus, 
being joined to it by direct suture or 1Br for a distance of several brachials. 
iBr few, small and irregular, passing quickly into loose perisome, and in 
mature specimens developed in the higher axils to the seventh or eighth ramule. 
Anal tube small; socket on right side of post. B which 1s rather narrow distally. 
Column strong, with very gradual taper from calyx, passing to slightly alter- 
nating columnals; it is very long, enlarges again toward the end, and has a 
few good-sized cirri in the lower part. Length of column in a moderate-sized 
specimen, 36 inches—the longest known in the Flexibilia. 


The distinctions between this form and that of the exrsculptus group are so obvious 
that detailed comparison is unnecessary. It would be much more logical to make a new 
genus for it and the following three species than for the isolated O. asteriaeforniis. Lyon 
and Casseday, having described the species as Forbesiocrinus in 1859, did not include in it 
Onychocrinus when proposing the genus in 1860; and the type specimen, with others accom- 
panying it in the Lyon collection, still bore the label, Forbesiocrinus, when I acquired it. The 
species was first referred to this genus by Wachsmuth and Springer in 1879. 
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The progressive increase in relative elongation of the rami which was noted in the 
remarks upon O. exsculptus has in this and allied species proceeded far beyond the maximum 
attained in that species. While on an average of all the species of the exsculptus group 
the main rays exceeded the rami in length as 1.25 to 1, in the ramaulosus group the rays are 
shorter than the rami by an average of I to 2.4. 

The whole facies of the widely spreading rays—suggesting a starfish, with clusters of 
short arms resembling the talons of a bird—which so strongly arrested the attention of 
Lyon, is wanting in this species, where the calyx and rays have again the relative proportions 
of a very elongate Taxocrinus. It may in fact be readily derived from the section of that 
genus having few interbrachials, like 7. macrodactylus, just as the exsculptus form may be 
derived from such species as 7. intermedius, by adding to each the heterotomous arm struc- 
ture; and I am by no means sure that from an evolutionary standpoint a division of genera 
upon these lines would not be the most logical. The difficulty would be in finding a dividing 
line upon this character in Taxocrinus, where the change from few to numerous interbrach- 
ials is so gradual. 

The 3 [Br feature is absolutely constant in this species throughout large numbers of 
specimens; as is also the 4 I1Br of the first interval, wherein it differs not only from the 
exsculptus group, but from the other species of this. The tendency is to long intervals 
between the ramules and between their branches. The ramules are sometimes almost as 
large as the rami; they branch frequently and by more or less equal bifurcations as many as 
five times in very mature specimens, the subordinate branches also branching again. It 
is difficult in most cases to trace the full length of the ramules, as they are generally covered 
over by others and by the rami; but in the magnificent specimens 2 and 3 of Plate LX XII 
not only this but also the fine terminals of the ray are beautifully shown. 

The arcuate sutures, giving the appearance of patelloid plates between the successive 
brachials, are more conspicuous in this than in any species of the whole family ; the project- 
ing lip, and the crescentic socket into which it fits, are unusually thick and deep, so that they 
do not disappear with ordinary weathering, as in many other species. There is scarcely a 
specimen in its natural condition in which they are not perfectly plain throughout the entire 
ray; and it requires considerable grinding before the straight suture is reached. Figure 10 
of Plate LX XII shows where I have done this on a curved surface of the primibrachs. 

The stem of this species is much longer than in O. exsculptus, and longer than is known 
in any other species of the Flexibilia. I have two specimens, not figured, in which it is pre- 
served for 36 inches to near the root, indicating a length of over three feet in medium-sized 
specimens. In such a mature specimen as figure 2a it was probably much longer. 

Nothing is known of the tegmen in this species. The condition of the specimens is not 
favorable for discovering it, as the rays are usually closely folded. Nevertheless I have 
explored two or three to the bottom of the cup without finding any definite structure except 
some rather small plates resembling orals; and I am of the opinion that the perisome was 
very fragile, and the orals small. There is no sign of such large plates as the posterior oral 
of the exsculptus group. It is not improbable that we should find here a quite distinct teg- 
men; the perisome must have been weak, for among numerous otherwise good specimens 
we rarely find the anal tube preserved beyond one or two plates. ‘ 

From the extraordinary development of iBr in the higher axils (in one specimen to the 
eighth ramule) there must have been an extension of perisome along the rays such as is not 
known in any other species of the Flexibilia. 

This species occurs in the same layers with O. exsculptus, in the great crinoid colony 
at Crawfordsville, where it is nearly as abundant. The present studies were made from 
about a hundred selected specimens which show remarkable constancy of characters, there 
being scarcely any variation among them except that due to age, as shown by the series of 
figures on Plate LXXII. I figure also a couple of abnormal specimens; one with the left 
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lateral ray unbranched (fig. 11), and the other with a sixth ray doubled and wedged into 
the interbrachial area between the left posterior and left anterior rays (fig. 12). Lyon 
recorded the species from Clear Creek, Hardin County, Kentucky; but his description was 
made upon a good series of specimens from Crawfordsville. I have reproduced his draw- 
ing of the principal type specimen made for his monograph (Pl. LX XII, fig. 1). It does not 
well represent the arcuate sutures, which are much more conspicuous in the specimen, but it 
gives in general an excellent picture of the species. The specimen of figure 5 was among 
some other crinoids known to be from Barren County, Kentucky, and there is no reason to 
doubt its occurrence there, as the beds are typical Keokuk. 

Types. Author’s collection. 

Horizon and locality. Lower Carboniferous, high in the Keokuk group; Crawfords- 
ville, Indiana; Clear Creek, Hardin County, and Barren County, Kentucky. 


Onychocrinus magnus Worthen 
Plate LX XIII, figs. 1-4 


Onychocrinus magnus Worthen, Geol. Surv. Illinois, VI, 1875, p. 520, pl. 31, fig. 5—-Wachsmuth and 
Springer, Revision Palaeocrinoidea, pt. 1, 1876, p. 55. 


A robust form with massive main rays, intermediate in the principal char- 
acters between the exsculptus and ramulosus groups. It has the distended 
rami and small ramules of the former, with the few interbrachials in the main 
axils and the greater relative length of rami of the latter. The single large 
interbrachial is directly followed by plated perisome (Pl. LXXIII, fig. 2a), 
and this is probably the case in the higher axils, which have but one solid plate 
instead of many as in ramulosus. The number of primibrachs is unstable, 
being 3 or 4 in nearly equal proportions. Dimensions from average of 4 speci- 
mens: Length of ray to fork, 21 mm.; of ramus above fork, 42 mm.; diameter 
of calyx at I[Br:, 28 mm.; diameter of base, 9 mm.; number of ramule clusters, 
Q to 13. 

The type specimen is an unusually large and mature specimen; as originally figured 
in volume 6 of the Illinois Reports, plate 31, figure 5, it did not show any ramules, but with 
the further preparation I have given it they are now plainly exposed (Pl. LX XIII, fig. 1). 
This specimen has the arcuate sutures in profusion, the original surface having been pro- 
tected by a fine clay matrix ; but the other specimens figured were in a hard limestone exposed 
to weathering, by which the superficial curving of the sutures was to a large extent obliter- 
ated (figs. 2a-4). But figure 2b, from a ray not exposed to weathering, shows the sutures 
as strongly curved as in the type. 

Type. In the Illinois State collection at Springfield. 


Horizon and locality. Lower Carboniferous, St. Louis group; near Waterloo, Monroe 
County, Illinois, and at St. Louis, Missouri. 
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Onychocrinus distensus \Worthen 
Plate LX XIII, figs. 5-8 


Onychocrinus distensus Worthen, Bull. 1, Illinois St. Mus. Nat. Hist., 1882, p. 31; Geol. Surv. Illinois, 
VII, 1883, p. 307, pl. 20, fig. 5——-Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 3, 1886, 
p. 145. 


A medium-sized species, also intermediate between the types of O. exsculp- 
tus and O. ramulosus; in general appearance similar to the former, but differ- 
ing in the small number of iBr and longer rami. IBr variable, 3 or 4. iBr 
consisting of one large plate in the first axil followed by perisome, but none so 
far as observed in the second. Anal tube rather small. Dimensions from 
average of 8 mature specimens: Length of ray to fork, 18 mm.; of ramus 
above fork, 40 mm.; diameter of calyx at IBre, 24 mm.; of base, 7 mm. Clus- 
ters of ramules, 9 to 15. 


This species as described by Worthen was founded upon a specimen from Monroe 
County, Illinois, in strata of the lower Kaskaskia now called the Renault formation. It 
formed a part of an interesting crinoidal fauna occurring at a locality on Prairie du Long 
Creek, which I have since carefully investigated.t_ The horizon has now been determined by 
the geologists of the U. 5. Geological Survey to be equivalent to certain beds at Huntsville, 
Alabama, formerly considered to be St. Louis. The type specimen is imperfect, and for 
better illustration of the species I have made use of specimens from the Huntsville beds. 
After my plates were printed I obtained a large series of specimens from the original locality 
in Monroe County, by which the facies and relations of the species are well established. 

While in its interbrachial structure and length of rami the species is of the O. ramu- 
losus type, it may be considered an intermediate form between that and the exsculptus group, 
having some of the characters of both. This intermediate position is emphasized by the 
variable number of primibrachs ; out of 13 specimens from the type locality, and all from the 
same colony, 5 have four [Br as in exsculptus, and 8 have three as in ramulosus. Like 
exsculptus it has a slender, tapering form, delicate ramules in clusters with short intervals 
between them; whereas in the direction of ramulosus it has a decided increase in the relative 
length of the rami, and there is a single large interbrachial plate distinctly outlined and 
firmly anchored in the axil, without trace of any others, but with indications of a finely plated 
perisome succeeding it. It lacks, however, the profuse development of plates in the higher 
axils which is so prominent in ramulosus. In well-preserved specimens there is a tendency 
to develop small nodes upon the higher axillaries. 

The species has a well-defined stratigraphic position, and leads up to O. mplasticests 
of the later Kaskaskia beds, in which all trace of resemblance to exsculptus has been lost. 
It may also be considered as the successor of the more massive O. magnus, the type of which 
is from the same region but in the true St. Louis beds below the Renault horizon; that 
species is a similarly intermediate form, but the difference from this in massiveness of the 
rays is constant throughout a good series of specimens. 

The species described by Meek and Worthen as Forbesiocrinus semiovatus, and after- 
ward referred by them to Taxocrinus, proves to be an Onychocrinus; it was derived from 
somewhat lower strata in Hardin County, Illinois. The type specimen (Pl. LX XIII, fig. 7) 
is a young individual in poor condition; it may possibly be a variety of this species, but it is 
insufficient for specific determination. 

Types. The original is in the Illinois State Museum at Springfield; the others figured » 
are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Renault formation in lower part of Kas- 
kaskia Group; Monroe County, Illinois, and Huntsville, Alabama. 


1Smithsonian Misc. Coll. vol. 63, 1913, p. 15. 
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Onychocrinus pulaskiensis Miller and Gurley 
Plates LX XIV, figs. 1-10; LX XV, figs. 15a, b 


Onychocrinus pulaskiensis Miller and Gurley, Bull. 6, Illinois St. Mus. Nat. Hist. 1895, p. 40, pl. 4, 
figs. I, 2. 

Perhaps Onychocrinus parvus Miller and Gurley, Bull. 3, Illinois St. Mus. Nat. Hist., 1894, p. 52, pl. 4, 
fig. 5 (Insufficiently known for identification). 


A large species, of the type of O. ramulosus; but with more divergent 
arms, shorter intervals between ramules, ramules at a greater angle with the 
rami, and not connected with them by interbrachials. Rays deeply rounded; 
brachials relatively not so short and wide as in ramulosus. IBr 3; I1Br to 
first ramule 3 and 2: Ramules making a wide angle with rami, given off at 
intervals of 2 and 3; not forming clusters, but branching again at short inter- 
vals. Axillaries nodose. iBr, one large in the primary axil, followed by 
perisome; none in higher axils. Column thicker than in any of the other 
species, with convex and projecting nodal columnals. Average dimensions of 
2 large specimens: Ray below fork, 31 mm.; ramus above fork, 63 (cannot be 
traced to end) ; diameter of calyx, 30 mm.; of base, 12. Number of clusters of 
ramules, 10 or more. 


While this species in its chief essentials is clearly of the ramulosus type, the rounded 
divergent rami and ramules, with the latter standing almost at right angles to the main 
ramus, give to it a physiognomy quite distinct. Its one large interbrachial plate is more 
like that of O. distensus, which has a tendency toward some of its other characters. As the 
latest known American species of the genus, it exhibits in its short intervals between ramules 
the same tendency found in the accompanying Kaskaskia species of Taxocrinus. While 
not so constant as in T. whitfeldi, the bifurcation on the second brachial occurs with con- 
siderable frequency, sometimes in the IIBr, but more often higher up. Among a series of a 
dozen specimens it appears more or less in all; and it gives to the rays a zig-zag aspect which 
is heightened by the sharp nodes upon the axillaries. On well-preserved specimens these 
nodes are prominent, but on those that have been weathered, like the type and the large 
figure 2, they are not so plain. 

The species is definitely characteristic for its horizon, and is well distributed. The best 
locality for it is in Pulaski County, Kentucky, but I have it also from Grayson and Breckin- 
ridge counties in that state, from Huntsville, Alabama, and from near Chester, Illinois. 
Its stratigraphic position is in the upper beds of the Kaskaskia Group, now called the Okaw 
formation. 

No other species has been described from this horizon except O. parvus of Miller and 
Gurley, founded upon a single extremely young individual which is probably of this species 
(Pl. LXXIV, fig. 8). The authors did not attempt any comparison with other species, say- 
ing,—‘‘ ‘Ihis species is so much smaller than any other heretofore described that no com- 
parison with any of them is necessary to distinguisl it.’ My own numerous illustrations 
of the young stages of various species of Onychocrinus show how uncharacteristic they are; 
and there is nothing in the figure or description of this one by which it would be possible to 
identify a mature specimen, save only the possession of 3 IBr. Therefore,-although the first 
described, I prefer to treat it as insufficiently defined, and to let this well-marked and dis- 
tinctive species take the name of the later species, O. pulaskiensis, by the same authors. Their 
description throws but little light upon its real characters; but the type specimen, from the 
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principal locality, is unquestionably the same as the fine series of specimens which I have 
illustrated. 

Types. Muller and Gurley’s original is in the University of Chicago. The others figured 
herein are in the author’s collection. 

Horizon and locality. Lower Carboniferous, Okaw formation, upper part of Kaskas- 
kia Group; Pulaski, Grayson and Breckinridge counties, Kentucky ; Huntsville, Alabama ; 
and Randolph County, Illinois. 


Onychocrinus wrighti n. sp. 
Plate LXXV, fig. 14 


A large species, represented by a single specimen considerably injured by 
pressure. 

Rays strong, deeply rounded and rather clumsy in appearance. IBr 4. 
Rami much longer than primary rays, stout with but little taper; strongly 
divergent, the II1Br entirely separating at the axillary and not being joined 
for any distance above. Ramules about 8; bilateral, given off alternately first 
at intervals of one or two brachials, but in the upper part of one ray every suc- 
cessive brachial is axillary, reducing the intervals of the ramules to those of 
pinnules; the ramules are very stout, almost as large as the rami and much 
resembling them in appearance; they branch secondarily on every second 
brachial, or upon successive brachials from 4 or 5 times in the lower ramules to 
a single equal bifurcation as usual at the distal end of the ramus. Sutures 
slightly arcuate in the main rays, becoming straighter distally. Interbrachials 
apparently not over one. Anal structures not preserved. Surface distinctly 
marked with fine wrinkles. 

Length of ray to apex of axillary, 20 mm.; of ramus from axillary to ter- 
minal bifurcation, 50 mm.; diameter of column at base, Ti mm. Base too much 
distorted for measurement. 


The solitary specimen on which this species is based was found by Mr. James Wright, 
Jr., of Kirkcaldy, Scotland, among the interesting collections made by him in the Hurlet 
limestone at Inverteil; and I have much pleasure in associating it with his name. It is the 
first typical Onychocrinus thus far found outside of the United States. Its occurrence 
along with Hydreionocrinus, Cromyocrinus, Zeacrinus of the Z. worthent type, and Synero- 
crinus, points unmistakably to the closing epoch of the Lower Carboniferous, and this is 
confirmed by its structural affinities, which are decidedly with the latest Kaskaskia species, 
O. pulaskiensis. The general habitus, with the rather clumsy, slightly tapering rays, and the 
approach to pinnulation by the further diminution of intervals between ramules, produce 
a form of substantially the same type. The possession of four primibrachs (which dis- 
tinctly appear in two uninjured rays), and ornamented surface, distinguish the species. 

Type. In the collection of James Wright, Jr., Kirkcaldy, Scotland. 

Horizon and locality. Upper part of Lower Carboniferous, Hurlet limestone,—cor- 
related with the Kaskaskia of America; Inverteil, Scotland. 
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(?) Onychocrinus polydactylus (M’Coy) 
Plate LXIV, figs. f1-14 


Taxocrinus polydactylus M’Coy, Syn. Carb. Fossils Ireland, 1844, p. 178, pl. 26, fig. 7 (Cladocrinus on 
Plate) Roemer, Verh. Nat. Hist. Ver. Preuss. Rheinland, VIII, 1851, p. 366 (Separate, p. 10).— 
Morris, Cat. British Fossils, 2d Ed., 1854, p. 90 —Meek and Worthen, Proc. Acad. Nat. Sci. Phila- 
delphia, IX, 1865, p. 140——Quenstedt, Petrefaktenkunde Deutschlands, IV, 1876, p. 504, pl. 107, 
fig. 143. 

Cyathocrinus polydactylus, Roemer in Bronn, Lethaea Geognostica, I, pt. 2, 1852-54, p. 237. 

Onychocrinus polydactylus, Wachsmuth and Springer, Revision Palaeocrinoidea, I, 1879, p. 55. 

Poteriocrinus ? egertoni Phillips, Geology Yorkshire, II, 1836, p. 205, pl. 3, fig. 39—Quenstedt, Petrefak- 
tenkunde Deutschlands, IV, 1876, p. 503, pl. 107, fig. 140. 

Isocrinus egertoni Phillips, Palaeozoic Fossils Cornwall, 1841, p. 30. 

Cladocrinites egertoni, Austin and Austin, Ann. and Mag. Nat. Hist., XI, 1843, p. 197. 

Taxocrinus egertoni, Morris, Cat. British Fossils, 1843, p. 59. 


A large-sized species, with very elongate crown. Rays long and slender, 
tapering slowly, the rami being nearly as heavy as the rays below them. 
Ramules thick, branching at intervals of two to five brachials at the inside of 
the dichotom. Calyx narrow, with few interbrachials. IBB covered by column. 
BB visible as fairly large pentagons. IBr 6 or more, narrowing slightly 
upward. Anal structure unknown. Column tapering rapidly from the calyx 
for a short distance, beyond which the thin columnals alternate with slightly 
projecting nodals. Height of maximum crown, estimated, 70 mm. 


This is one of the two known representatives of the Onychocrinus type from British 
rocks, or others outside of America. Unfortunately we do not know enough of its structure 
to determine with certainty its generic relations, but it presumably has the weak anal side 
consistent with its greatly extended and divergent rays, and therefore will belong somewhere 
near the company in which I have placed it. M’Coy’s figure in the Carboniferous Fossils 
’ of Ireland, which I have copied (Pl. LXIV, fig. 11), is a restoration, composed from three 
fragments which I have also figured, two of which undoubtedly belonged to the same 
specimen. I have placed them in their probable relative position, with the missing parts 
drawn in outline (fig. 12). We are materially assisted in this by the other fragment 
(fig. 13), which shows that there were at least six primibrachs, as the fifth one preserved in 
it is not axillary. These specimens are located in the Science and Art Museum, Dublin, and 
I am much indebted to Dr. R. F. Scharff, the Curator, for photographs and accurate casts 
from which to illustrate them. 

There is no doubt that Phillips’s Poteriocrinus egertoni, which is from the same region 
of the Irish Carboniferous, belongs to this species. Unfortunately the type cannot be found ; 
it was in the collection of Sir Philip Egerton, afterward acquired by the British Museum, 
and Dr. Bather assures me that it has been an object of long and fruitless search by him. 
Although Phillips says the species was abundant at Florence Court, Enniskillen, there is no 
specimen in the great collection of Lord Enniskellen, now also in the British Museum, 
which can be referred to it, nor have I been able to locate any other specimens among all 
the Irish collections. I have copied Phillips’s figure of P. egertoni (fig. 14), which confirms 
the evidence of M’Coy’s fragment as to the great number of brachials below the first bifur- 
cation. The figure is palpably incorrect in the short, sharp-pointed arms, which doubtless 
had that appearance on account of being partly buried in the matrix, and having none of 


the ramules exposed ; it represents a young specimen as compared with M’Coy’s, which is 
drawn natural size. 
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This Irish species is remarkable for the great extension of the primary brachials, in 
which it is unique among the Flexibilia; and among the Onychocrinus type it stands alone 
in having ramules which apparently branch to the inside. The specimen is so imperfect, 
however, that we are not very certain as to the exact plan, and the intervals appear to be 
irregular. That it had an interbrachial system is shown, but this was evidently quite limited, 
and in this respect the affinities of the species would be rather with the ramulosus group. 

Types. Science and Art Museum, Dublin, Ireland. 

Horizon and locality. Middle part (Calp) of the Carboniferous limestone; Ballin- 
trillick, Bundoran, County Donegal; also County Sligo, and Florence Court; Ireland. 
According to the lists of fossils given in M’Coy’s Carboniferous Fossils of Ireland, pp. 238, 
251, the stratigraphic position of this species is in the second, or Middle (Calp), of the 
three divisions into which he and other authors subdivide the Carboniferous limestone of 
England and Ireland. The first, or Lower, division is that known as the Lower Carbonifer- 
ous, or Mountain limestone; and from it, and the so-called Carboniferous slates or shales 
below it, have been derived most of the Carboniferous species of crinoids and blastoids 
described by the British authors. These include such well known forms as Amphoracrinus 
gilbertsomt, Actinocrinus triacontadactylus, Gilbertsocrinus calcaratus, etc., which corre- 
spond with the crinoid fauna of the lower part of the American Lower Carboniferous, viz., 
the Burlington and earlier rocks. Therefore the present species must be assigned to a 
relatively later stage, whereby it will be comparable with those of the ramulosus group. 
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The following genera, which have been referred by some authors to the 
Flexibilia, are of doubtful systematic position, or by reason of newly-acquired 
information can now be definitely shown not to belong to the group. It is 
therefore thought desirable for the sake of completeness, as well as to. furnish 
a clear basis for future consideration of them by others, to indicate the present 
state of knowledge concerning them. 


CLEIOCRINUS Billings 


Cleiocrinus Billings, Geol. Surv. Canada, Rep. Progress for 1853-56, 1857, p. 276——Can. Organic Remains, 
Dec. IV, 1859, p. 52, fig. 17—Bronn, Klass. u. Ord. Thier-Reichs, II, 1860, p. 232——Shumard, Trans. 
Acad. Sci. St. Louis, II, 1866, p. 359.—Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 
1879, pp- 35, 147——Revision Palaeocrinoidea, Pt. III, 1886, p. 152—Zittel, Handbuch, Palaeontologie, 
I, 1879, p. 357——Chapman, Classification of Crinoids, 1882, p. 2—Miller, N. A. Geol. and Pal., 1880, 
p. 231—Bather, Geol. Mag. (Dec. IV) V, July, 1808, p. 325—-Rep. Brit. Assoc. for 1898, 18g9, 
p. 923.—Treatise on Zoology. (Lankester), Pt. III, 1900, p. 191—Geol. Mag. (Dec. V) II, May, 1905, 
pp. 231-233.—Springer, Amer. Geologist, XXX, 1902, p. 94—Mem. Mus. Comp. Zool. Harvard, 
XXV, No. 2, 1905, pp. 93-114—Geol. Surv. Canada, Mem. No. 15-P., 1911, pp. 41-44.——Wood, 
Bull. 64, U. S. Nat. Mus., 1900, p. 100.—Zittel-Eastman, Textb. Pal. I, 1913, p. 186 (Emend.). 
Genotype. Cleiocrinus regius Billings. 
Distribution. Lower Ordovician, Chazy and Trenton, Canada and the United States. 
The structure, characters and systematic relations of this genus are fully exhibited and 
discussed in the author’s papers of 1905, and 1911, viz.: Mem. Mus. Comp. Zool. Harvard, 
Vol. XXV, No. 2, 1905, pp. 93-114, pl. i, and Geol. Surv. Canada, Mem. No. 15-P, 1913, 
pp. 41-44, pl. 5, figs. 7-11c,—leading to the conclusion that it is an intermediate type. 
It has the flexible calyx and loose sutures of the Flexibilia, but its pinnulate arms and sub- 
tegminal mouth place it in closer relation with early Camerata, such as Reteocrinus. Its 
calycine pore-rhombs proclaim its not distant derivation from the Cystids. In the remark- 
able disposition of the basal and radial plates, in horizontal alternation instead of vertical 
succession, enclosing the infrabasals by their exterior surface instead of meeting their distal 
edge, this form differs from all other known Pelmatozoa. These intermediate and peculiar 
features accord with its very early age. 
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CALEIDOCRINUS Waagen and Jahn 
Plates LX XV, fig. 0; LXXVL fig. 24 


Caleidocrinus Waagen and Jahn in Barrande, Silur. Syst. Centr. Bohéme, VII, pt. 2, 1899, pp. 106-112; 
text-figs. 27a-32, pl. 63—Bather, Ann. and Mag. Nat. Hist. Ser. 7, Vol. VI, 1900, p. 111; Treatise on 
Zoology (Lankester), 1900, p. 202.—Springer, Jour. Geol. XIV, 1906, pp. 485-486.—Zittel, Grundz, 
Pal. I, 1910, p. 166.—Zittel-Eastman, Textb. Pal. Rev. Ed., Vol. I, 1913, p. 206. 

Professors Waagen and Jahn proposed this genus in 1899 upon certain specimens 
occurring at Stage d, of the Second Fauna (Ordovician) of the Bohemian section, and 
placed it near the Taxocrinidae of Angelin. Bather* in reviewing their work the following 
year assigned this form to the Flexibilia Impinnata, considering it to be ‘‘a genus that 
approaches the common ancestor of Ichthyocrinus and Taxocrinus.” Through the kindness 
of Professor Jahn, who made a special trip for me to the locality near Zahoran, I was able 
to secure several specimens of C. multiramus in as good condition as they are usually found. 
They occur in a schist, and the preservation is unfavorable to observation of some essential 
characters. The authors say of this ?: 

The skeleton and elements constituting the body of these sea lilies are changed into a ferric hydrate. 
By reason of this change there exist only the negative impressions of half the calyx, which are filled with 
a powder of ferric hydrate. 

They state in the explanations that the figures on their plate 63 are very defective 
(“ idéalisées,’—“ entiérement inexacte,’—“ qui n’est pas conforme a la réalité”), and they 
give other figures in the text partly from the same and partly from better specimens. Even 
of these text-figures, however, they say on page 109: 

The preservation of the interradius (ir, figs. 27b-31b in the text), and of the anal interradius (a, figs. 
27b-31b in the text), is so defective that if we can, in some cases, observe the position of the plates which 
compose them, it is never possible to determine their number. ; 

I have six specimens in the condition described by the authors, viz., impressions in the 
matrix filled with powder of iron oxide; and one rather larger than usual in which, by rare 
good fortune, the calcareous skeleton of the crinoid is preserved intact. I have also wax 
casts of the specimens from which figures 1-2 and 11-14 on plate 63 of Waagen and Jahn’s 
work were made, most courteously sent me by Professor Perner of the Royal Museum at 
Prague. In none of these have I been able to identify any interradial plates in the regular 
areas ; and with reference to the text-figures of the authors, in which numerous small irreg- 
ular plates are shown, I would suggest that in specimens preserved as these are it is impos- 
sible to determine such structures with certainty. Many foreign bodies, even fragments of 
arms, may become lodged between the rays which might, in the chemically changed condi- 
tion of the fossils, be mistaken for small irregular plates. In my specimen with the external 
skeleton preserved (Pl. LXXV, fig. 9) the radial and brachial plates are well defined, and 
there is certainly no sign of any such plates meeting them between the rays. 

Commenting in 1906* upon the description of this genus by the Bohemian authors, and 
upon Bather’s reference of it to the Flexibilia, I said: 

The habitus of this form seems to me rather like that of the Inadunata, from which it is separated 
only by the supposed interbrachial structures. 

At that time nothing was known of the character of the anal side. Reéxamination of 
my specimens with further preparation has brought to light the structure of this part in the 
clearest manner, and furnishes the clue to the systematic position of the genus hitherto 
entirely overlooked by all authors. As is indicated in most of Waagen and Jahn’s figures, 


1 Annals and Magazine of Natural History, VI, 1900, p. 112. 
* Barrande, Syst. Silur. Centr. Bohéme, VII, 1899, p. 107. 
* Jour. Geol. XIV, p. 486. 
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the primary plates of the rays consist of a radial and two or three primibrachs. It now 
further appears that the right posterior radial is a compound plate, the superradial being 
axillary, and supporting upon its left shoulder a series of plates which form the base of an 
anal tube or sac, thus giving precisely the structure of the Inadunate genus Jocrinus. This 
is definitely shown in two specimens, one of which is figured on Plate LXXVI, figure 24. 
Now that this is understood, we find the same thing in Waagen and Jahn’s figure 14 on their 
plate 63, only the suture between the segments of the compound right posterior radial is not 
drawn. Consulting my figure 24 on Plate LXXV, it will be seen that the basals are well 
exposed, and the column obtusely pentagonal with the pentameres radial, indicating a mono- 
cyclic base. These characters, along with the large radials and dichotomous arms, leave 
nothing to separate the genus from Jocrinus, of which it is clearly a synonym. This conclu- 
sion is reinforced by the stratigraphic position of the fossils, the Ordovician Stage d, of 
Bohemia being correlated approximately with the American Trenton, in which Jocrinus 
occurs as an exceedingly strong and persistent type. It ranges with only slight modification 
of characters from the basal Trenton through the various Cincinnatian formations to the 
close of the Ordovician, and into the Richmond beds of the Silurian. It occurs as a part of 
a fauna which extends from the Cincinnati area through New York to Canada, and also in 
northern Illinois, associated with a fauna which Dr. Ulrich informs me represents a different 
migration. The latter occurrence shows greater differentiation of characters from the 
others than they do among themselves. With the vigorous and long-lived form indicated by 
this great time interval, it is not surprising to find its geographic range extending to the 
eastward of the Atlantic basin. 


EDRIOCRINUS Hall 
Plate LXXVI 


Edriocrinus Hall, Am. Jour. Sci. (Ser. 2), XXV, 1858, p. 278; Nat. Hist. New York, Pal. III, 1859, p. 119; 
15th Rep. N. Y. St. Cab. N. H. 1862, p. 115 (sep. p. 87) —Meek and Worthen, Geol. Sury. Illinois, 
III, 1868, p. 370.—Schlueter, Zeitsch. Geol. Ges. XXX, 1878, p. 50—Wachsmuth and Springer, Rev. 
Pal. I, 1879, p. 21; III, sec. 2, 1886, pp. 192, 262, 265; N. A. Crin. Cam. 1897, pp. 50, 145.—Chapman, 
Classification of Crinoids, 1882, p. 4—Zittel, Handb. Pal. I, 1870, p. 350.—Zittel-Eastman, Textb. 
Pal. 1913, p. 206.—P. H. Carpenter, Ann. and Mag., May, 1883, p. 333——Bather, Ann. and Mag. N. H. 
(6) V, Apr. 1890, p. 332, May, p. 379; Rep. Brit. Assoc. for 1898, [1899], p. 923; Treatise on Zool. 
(Lankester), pt. III, 1900, p. 191—Walther, Zeitsch. Geol., Ges. 1897, p. 47——Talbot, Am. Jour. Sci. 
(4) XX, 1905, p. 20—Kirk, Eleutherozoic Pelmatozoa, Proc. U. S. Nat. Mus., vol. 41, 1911, pp. ITI- 
114.—Springer, The Crinoid Genus Scyphocrinus, 1917, p. 11. 


Crinoids without stem; either permanently attached directly ‘by the base, 
or free in the adult stage. Monocyclic; BB 4, fused into a more or less hollow 
mass (hereinafter simply called the base) with sutures usually obliterated by 
secondary growth. RR in contact all around except at the anal side. Anal 
plate in line with radials, usually projecting above their level. Radial facets 
filling distal face of radials. Arms dichotomous. Pinnules probably wanting. 

Genotype. Edriocrinus pocilliformis Hall. 

Distribution. Wower Devonian, America. 


A brief discussion of this genus is advisable for the reasons, first, that Bather in the 
Lankester Zoology, 1900, referred it provisionally to the Flexibilia Impinnata; and second, 
that I am now able to clear up certain structural points which have been in doubt, or 
obscured by erroneous interpretation. The latest formal diagnosis of the genus in 1905, 

29 
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reaffirmed as to species.in 1913, declared it to be a dicyclic crinoid, with fused infrabasals 
and five basals,—all of which statements must now be corrected. 
When proposing the genus in 18597 Hall defined the elements of the calyx as follows: 
Base solid, without division into plates: upper margin marked by six angles, with depressions between 


for insertion of radial plates. Radial plates five, inserted in the five larger depressions on the upper 
edge of the calyx. Anal plates two, the lower one inserted in the smaller of the six impressions (p. 119). 


Based upon specimens of E. sacculus from the Oriskany of Maryland he stated that— 


These crinoids are sessile in the young state, adhering singly or in groups to other substances until 
fully developed, when they are separated from the foreign bodies, and, gradually secreting calcareous 
matter to cover the cicatrix or point of adhesion, become finally the smoothly rounded bases which we 
find so numerously (p. 120). 

In the Revision of the Palaeocrinoidea, Pt. I, 1879, p. 21, Wachsmuth and Springer 
referred to the calyx of Edriocrinus as being attached when young, and in maturity becom- 
ing free; and in Pt. III, 1886, p. 262, we placed it provisionally under the Astylocrinidae 
along with other free-floating crinoids, saying that it “in all probability, forms a family by 
itself, being sessile in early life, and having no underbasals.” 

Bather in May, 1890,” listed Edriocrinus as a form which is “so extremely ‘special- 
ized’. . . . that one cannot perceive its true affinities ”; and in the Lankester Zoology, 1900, 
p. 191, he placed the genus provisionally in the Flexibilia Impinnata, giving the characters 
as follows: 

When young is attached by BB, but is free-floating in adult; BB become fused into a bowl-shaped 
mass, supporting 5 RR and +; arms broad, with low Br, isotomous. 

Such was the state of opinion as to the characters of the genus until 1905, when Miss 
Mignon Talbot in a Revision of the New York Helderbergian Crinoids* proposed a new 
family for its reception, rejecting the systematic references of the genus by Wachsmuth and 
Springer and by Bather, saying as to the latter— 

Bather lists the genus provisionally under the order Flexibilia, an order with no anal plate in the 
cup(!); but as Edriocrinus has such a plate, the genus cannot be so referred (p. 22). 

Her family diagnosis is in part as follows: 

Base dicyclic, probably 5 fused plates in each order . . . . attachment being by the infrabasals in the 
young stages; mature forms unattached. 

In the course of a discussion of the characters of the genus, based chiefly upon speci- 
mens of E. pocilliformis from New York, some of which are figured upon the accompanying 
plate 4, figures 1-6, the author states that specimens No. 2 and No. 5, “instead of being 
monocyclic are dicyclic,” and that “No. 3 shows infrabasals and basals” (p. 21). As the 
result of these observations she gives an amended diagnosis, of which the part material to 
the present inquiry reads as follows: 


Amended generic description—Calyx directly cemented, either throughout life or only in the young 
stages, the attachment being by the large infrabasals. The cicatrix very large in some specimens and in 
others obliterated, by the accumulation of calcareous matter on the outer surface of the calyx plates. 
Infrabasals large, their height being from one-half to two-thirds that of the cup as ordinarily found, 
completely fused so as to destroy suture lines and to make the number of plates uncertain. Basals five, 
height varying in proportion to that of the infrabasals, generally so fused as to show no suture lines on 
the outer surface, although they are often seen on the inner side. 


In conformity with this, the specific description which follows contains the same state- 
ments :—‘ Infrabasals present . . . . Basals five.” 

It is unfortunate that so material an addition as that of infrabasals and a definite num- 

*Nat. Hist. N. Y. Pal. III, 1850, pp. 119-121, 143. 


* Ann. and Mag. N. H. (6) V, p. 370. 
* Am. Journ. Sci. (4) XX, July, 1905, pp. 17-33, Plates I-IV. 
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ber of basals to the characters given by all previous authors could not have been supported 
by more satisfactory evidence of the facts,—the more so since these statements have since 
been incorporated with the description of E. pocilliformis in the volume on the Lower 
Devonian, of the Reports of the Maryland Geological Survey, 1913, p. 257. Notwithstand- 
ing the definite statements above quoted as to certain specimens being dicyclic and showing 
infrabasals, I must say that the corresponding figures on plate 4 of the author’s paper fail 
to show any means of determining the number of plates below the radials, or any indication 
of two rings of such plates, or in fact any structures essentially different from those shown 
by Hall’s figures 8-12 on plate 5 of the New York Report, on which he based the statement 
in his description,—‘“ base solid, without division of plates”; or those which I have seen in 
hundreds of specimens of the fused bases from New York, Maryland, Virginia and Ten- 
nessee. The raised collar on some specimens, which the author took to represent basals, 
distinguishable from the narrower mass below it thought to be infrabasals, is a mere irregu- 
lar phase of secondary growth without definite structure, seen occasionally on specimens of 
different species. Also the lines seen at the inner surface of some of the fused bases are not 
interbasal sutures, as the author thought, but are lines or ridges marking the position of the 
superimposed radials and anal plate; they are always 6 in number, instead of 5 as they 
would be if dividing five basals (see Hall, op. cit., pl. 5, fig. 12; pl. 87, fig. 14; and Pl. LXXVI, 
figs. 3, 16, 18 herein, in which both the ridges and the true suture lines are shown). 

Dr. Kirk, the latest author to discuss the characters of Edriocrinus,’ follows substan- 
tially the definition of Hall, saying that— 

The cup consists of five radials and an anal plate . . . . This cup rests upon an apparently amorphous 
base (p. 112) .... This base for purposes of convenience I have styled a peduncle (p. 111). 

As against these recent interpretations of the structure of the genus, I am now in posi- 
tion definitely to show by unquestionable evidence in four species that Edriocrinus is a 
monocyclic crinoid with 4 basals, as in AZelocrinus and associated genera: 

1. A rather small species, occurring only in the form of the fused basals somewhat 
abundantly in the Linden formation of the Helderbergian of western Tennessee, and in 
equivalent New Scotland beds of Virginia. As usually found in cherts or clay layers the 
specimens are silicified, and the rounded base is altered by secondary growth to an undiffer- 
entiated, more or less elongate, fused bulb, and all sutures at the surfaces are completely 
obliterated by growth or by silicification. Rarely the wall appears double, with an inter- 
mediate space that was filled with some fibrous matter now decomposed; and in one such 
specimen the original interbasal suture lines are marked by silicious partitions, by which the 
position of the 4 basals is distinctly shown (Pl. LX XVI, fig. 12). Defining species by means 
of the fused basals alone is rather unsatisfactory, as there is. some variation among associ- 
ated specimens ; yet in the absence of better material this course seems advisable, in order to 
have names for some of the forms having rather characteristic facies as evidenced by the 
average form and proportions in a number of specimens. To this form I have given the name 
Edriocrinus occidentalis (Pl. LX XVI, figs. 6-12). ° 

2. At a locality in the typical Linden limestone and shale beds in Perry County, Ten- 
nessee, a much smaller species occurs, in which the consolidated base is calcareous and the 
sutures are still visible, although sometimes partly obscured by growth, and indistinct or 
“ragged ” at the surface. In such cases by grinding or scraping, the sutures can usually be 
found a short distance inward. I have nine specimens in which the sutures are perfectly 
plain, showing 4 basals in every case. This form, in which I first identified the 4 basals, 
may be called Edriocrinus explicatus (Pl. LXXVI, figs. 13-15). 


+Proc. U. S. Nat. Mus., vol. 41, 1911, pp. 112-114. 
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3. A remarkable species figured by Kirk under the name Edriocrinus dispansus,' also 
from the Linden formation of western Tennessee. For years there appeared rarely among 
Helderbergian collections from that area certain thick, broadly rounded, discoid bodies of 
apparently crinoidal nature, having a more or less indented depression on the undifferen- 
tiated rounded surface, while the opposite side is marked by both concentric lines of growth 
and radiating ridges (resembling those seen in Apiocrinus; De Loriol, Crinoids de la France, 
pl. 45, fig. 2a) ,—the latter dividing that surface into five large triangular spaces, and a sixth 
about half as large. These disks proved to be the fused basals of a species of Edriocrinus 
of a habitus widely different from any before known, and the acquisition of several good 
specimens enables me to give a more complete description of the calyx. The radials are 
large, in form of triangles with truncate apex; they narrow to less than half their width 
from the proximal to the distal face, which is entirely filled by the arm facet. The anal 
plate, narrower and narrowing upward to a lesser degree, completes the circlet, which thus 
forms a low, truncated, obscurely hexagonal pyramid, contracting at the arm bases to less 
than half its diameter at the base (Pl. LXXVI, figs. 1, 2). The radiating ridges on the 
ventral side of the basal disk coincide in position with the interradial and radio-anal sutures, 
as if marking some kind of divisions at the bottom of the visceral cavity. The dorsal side 
of the disk is usually marked by a shallow concavity or an indented scar of much less than 
its own width, in which a small shell or other foreign object is sometimes still attached— 
showing that the base before becoming free often far outgrew its surface of attachment. 
No trace of arms has been seen; they must have been relatively small. The specimens range 
from 12 to 30 mm. width at the base, the calyx to the level of the arm bases being about one- 
half as high as wide, and its diameter at the apex about two-fifths that at the base. One of 
the detached basal disks (Pl. LXXVI, fig. 3) shows at the ventral side 4 perfectly distinct 
basal plates, the interbasal sutures being marked by lines of infiltrating matter of different 
color from that of the plates. The extreme contraction of the calyx at the arm bases is a 
striking character of this species, and is at variance with the structure of the Crinoidea 
generally. 

There is another.small form in the Linden formation of western Tennessee that is 
always broadly attached by the fused base. It occurs sparingly at the same locality with 
E. dispansus, and at localities along the Tennessee River, adhering to shells larger than 
itself, and especially to the bulbous roots of Scyphocrinus (Camarocrinus). Only the fused 
bases have been seen, which are rather thin and delicate, tending to spread out upon the 
contact surface to a width exceeding their diameter at the distal face, instead of being 
rounded as if to become free. The specimens range from 5 to 10 mm. in diameter. Radiat- 
ing ridges appear on the ventral surface as in E. dispansus, indicating a rather mature stage 
of growth, and also the possibility that this form had a similar pyramidal calyx. It may be 
the young stage of that species, or may represent a distinct species bearing the same rela- 
tion to it as E. holopoides to E. sacculus. Adopting the latter view, it may take the name 
Edrtocrinus adhaerens (Pl. LXXVI, figs. 16-18). 

4. As originally stated by Hall, it has been generally assumed by authors that Edrio- 
crinus was sessile in the young stage, but became free when adult. The acquisition of a large 
quantity of unusually fine material from the Oriskany formation in the typical locality for 
E. sacculus at Cumberland, Maryland, enables me to throw some light on this question also. 
The occurrence at Cumberland is the only one in which this crinoid has been found with the 
arms complete. The prevalent form, hitherto identified only as E. sacculus, attains a much 
larger size than those of other localities, and the fused basals of the free floating stage are 
found by the hundreds. With few exceptions these expand toward the radials in the form 
of an inverted cone, rounded and rather narrow at the lower extremity, the upper edge 
more or less oblique to the vertical axis. The wall is double, enclosing a space which was 
evidently occupied by fibrous or porous structures; the inner surface is often marked by 


1 Proc. U. S. Nat. Mus., vol. 41, roti, p. 112, pl. 11, figs. 1, 2. 
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peculiar lines of growth. Doubtless when very young these were all attached to other 
objects by the lower ends of the basals, which were obscured in the process of attachment, 
and when free became totally changed by secondary growth, in which condition all signs of 
suture lines are obliterated. Many small specimens are found attached to hard objects, 
either singly or in clusters, sometimes half a dozen on a single shell. Various forms of these 
bases are shown by Hall’s figures in Volume III, Pal. N. Y. plate 87. 

But along with these are a considerable number ranging from small to full adult size 
which have a broad, flat, encrusting base for fixation, wonderfully like the mode of attach- 
ment of the existing genus Holopus. Specimens of this class have a different aspect other- 
wise from those with rounded base, and upon assembling the material it became evident that 
the two types are specifically distinct, the attached form having uniformly much shorter 
rays. Excluding the very young individuals, in which the primary brachials cannot be 
_ counted because they infold before the first bifurcation, there are 63 specimens from small 
to maximum size with one or more of the rays preserved, many of them entirely complete ; 
of these 42 are free as figured by Hall on plate 87, figure 10, and all of them agree with his 
description of E. sacculus in having 10 or 12 (or more) very short primibrachs. Of the 
other 21 specimens with attached base, 16 have 5 [Br in nearly all the rays, and the remain- 
ing five have from 5 to 7. Several sessile specimens have 10 [Br, but they are all small ones 
which might have become free with age. Thus without exception in the adult the sessile 
form has 5 (or at the most 6 or 7) IBr, and the free floaters 10 or more,—a constancy of 
characters quite sufficient to separate the species. There are numerous detached bases of the 
sessile form, which differ markedly from the others by their much thinner walls and broader 
cavity. Both forms are well illustrated on plate 40 of the volume on the Lower Devonian, 
of the Maryland Geological Survey, 1913, of which figures 10, 11, 12 show the free form, 
E. sacculus, with its 10 or more IBr, while figures 7, 8, 9 represent the sessile form with 
5 IBr, for which I propose the name Edriocrinus holopoides. The original of figures 7-9, 
which I have refigured as the type specimen (Pl. LXXVI, figs. 22a, >), is in an unusually 
good state of preservation, the attachment having been to a smooth object; and it distinctly 
shows upon the lower surface of the encrusting base the course of the original suture lines 
of the 4 basal plates, as appears by the photographic figure, 22). 

Both of these forms have the same large anal plate; very broad arms, branching, and 
strongly curving distally, with a distinct, rather large ventral furrow or food groove. The 
preservation in the coarse sandstone matrix has been impaired by chemical action due to the 
presence of iron oxide, so that finer structures are obscured ; thus we do not know how the 
food groove was covered, nor whether pinnules were present. There might have been short, 
stout appendages as in Holopus, but no evidence of them is visible in the fossils. 

The outstanding fact in regard to this singular form is the complete absence of a stem, 
and its remarkable superficial resemblance to Holopus, from which it differs broadly in its 
bilateral symmetry due to the presence of the large anal plate, and in the probable absence of 
pinnules. Both are of a littoral or circum-littoral habitat. Holopus occurs on rocks or 
corals within a few fathoms depth, while the Oriskany sandstone in which the largest species 
of Edriocrinus occur is recognized as a littoral deposit. The time interval between them is a 
tremendous one, perhaps partially bridged by Ewgeniacrinus and its congeners from the 
Jurassic to the Cretaceous, and by Cyathidiwm from Cretaceous to Tertiary. The two 
doubtless represent parallel modifications of independent stocks, resulting from their 
encounter with similar physical conditions. There is no evident connection between Edrio- 
crinus and any other Devonian or pre-Devonian form, unless the newly discovered fact of 
the 4 basals may suggest some remote relation to the Melocrinidea. The monocyclic base 
and rigid construction of the calyx are facts which negative a connection with the Flexi- 
bilia as now limited. 
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Kirk (op. cit., p. 113) disagrees with the provisional reference of the genus to the 
Flexibilia, but does not undertake to determine its relations. 

P. H. Carpenter, in the Challenger Report on the Stalked Crinoids, page 211 et seq., 
discussed the systematic position of Holopus, which he placed in the family Holopidae, 
including Eudesicrinus, Cyathidium, and Cotylecrinus; and in that connection he stated 
that Edriocrinus is “ very closely allied to the recent Holopus and to Cotylecrinus ”—differ- 
ing from them only in the presence of the anal plate, which difference, as pointed out by 
Meek and Worthen, is the same as between Hexacrinus and Platycrinus. These two genera, 
however, he says “are both Paleocrinoids; but Belemnocrinus and Rhizocrinus, a Paleo- 
crinoid and a Neocrinoid respectively, are related in precisely the same way.” 

Mr. Austin H. Clark does not think it possible that Edriocrinus can be closely related to 
Holopus. Ina recent paper + he expresses the opinion that “‘ the pentacrinites, the comatulids 
and Holopus are very closely related, in spite of their extraordinary superficial dissimilarity.” 

The geological range of Edriocrinus is restricted to the Helderbergian and Oriskany 
of the Lower Devonian, and it is not certainly known outside of America, although Jaekel 
thinks Lodanella mira Kayser may belong to it. The new species indicated in the foregoing 
remarks added to those heretofore described make a total of nine, two of which are repre- 
sented by the complete crown, three by the calyx, and four by the fused base only. Diagnoses 
of them all, in addition to that of the genus already given, in view of the new information now 
obtained, may be stated as follows: 

Section | 


Free in the adult stage, with fused basals rounded below. 


Edriocrinus pocilliformis Hall 


Edriocrinus pocilliformis Hall, Nat. Hist. N. Y. Pal. III, 1859, p. 121, Pl. V, figs. 8-12—Meek and Worthen, 
Geol. Sur. Illinois III, 1868, p. 370, Pl. VII, figs. 5a, b—Wachsmuth and Springer, Rev. Pal. ITI, 
Sec. 2, p. 266.—Keyes, Geol. Surv. Missouri, IV, 18094, p. 221, Pl. XXX, fig. 7——Talbot, Am. Jour. 
Sci. (4) XX, 1905, p. 23, pl. 4, figs. 1-6—Maryland Geol. Surv. Lower Devonian, 1913, p. 257, 
Pl. XL, figs. 13-15. 


Type of the genus. 

A small species, known only by the calyx. Base small, low hemispheric, 
broadly convex, expanding upward; height to width about as I to 1.3; speci- 
mens ranging in size from 4 to 15 mm. high and 7 to 20 mm. wide at basi- 
radial suture. Radial circlet cylindrical, longer than wide, and slightly longer 
than the base; anal plate narrower than radials. Traces of a narrow indented 
scar are occasionally seen on the rounded base, and radiating ridges on the 
ventral surface. 


Type. American Museum Natural History, New York. 
Horizon and locality. Helderbergian, New Scotland formation, Albany County, New 
York; Perry County, Missouri. 


1 The systematic position of the crinoid genus Holopus, Jour. Washington Academy of Sciences, March, 
1919, vol. 9, pp. 136-138. 
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Edriocrinus occidentalis n. sp. 
Pl. LXXVI, figs. 6-12 


A rather small species, known by the base only. Base-small, elongate, 
broadly rounded at lower end, with thick wall enclosing an inversely conical 
tubular cavity which narrows downward, leaving the wall thickest at the lower 
part; often constricted below the radial facet and expanding again towards 
them. Height to width in average of 20 specimens showing all variations, 
about as I to .75; specimens varying in size from 8 to 20 mm. high, and from 
6 to 14 mm. wide at top. 

Types. In the author’s collection. 

Horizon and locality. Helderbergian, Linden formation; in cherts and clay bands, in 
Stewart and Decatur counties, Tennessee, and in the equivalent New Scotland formation in 
Allegheny County, Virginia. This is the species of Edriocrinus mentioned by Dr. Foerste 
in Journal of Geology VII, 1903, pp. 682-7, as occurring “near the western end of the 
exposures along the Cumberland River, west of Cumberland City,” which he was inclined 
to refer to the Camden chert. Dr. Bassler, who has since carefully reviewed the stratig- 
raphy of that region, informs me that the Cumberland River exposures in question may 
be properly included in the Linden. The correlation as above given of the beds on the east 
flank of the Appalachian Mountains near Covington, Virginia, is upon the authority of 
Dr. Ulrich, who assures me that the occurrence of the same species in the two areas might 
well be expected. 

Edriocrinus explicatus n. sp. 


Plate LXXVI, figs. 13-15 


A smaller form than the last one, known from the base only. Base sub- 
globose, widening slightly upward, with basals but slightly modified by secon- 
dary growth and the sutures therefore observable. Height and width about 
equal, and specimens varying from 5 to 9 mm. each way. 


Types. In the author’s collection. 
Horizon and locality. Helderbergian, Linden formation, Perry County, Tennessee. 


Edriocrinus dispansus Kirk 
Plate LXXVI, figs. 1-5 
Edriocrinus dispansus Kirk, Proc. U. S. Nat. Mus., vol. 41, 1911, p. 112, pl. 11, figs. I, 2. 

A medium-sized species, known only by the calyx. Base low, discoid, 
usually with remnant of indented scar of attachment at younger stage. Calyx 
with radials in position in form of an obscurely hexagonal, truncated pyramid, 
contracted at the top of the radials to less than half its diameter at the base. 
RR narrowing upward to short distal faces. Anal plate long, narrow, pro- 
jecting in an angular apex above the line of radials. Height of base about 
one-tenth its width; height to width of calyx about 1 to 1.8, varying in eight 
specimens from 6 to 15 mm. high and 12 to 30 mm. wide at the base; width 
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of calyx at base two and a half times its diameter at the radial facets, where 
it ranges from 7 to 10mm. Parts above radials not known. 


Types.- Kirk’s original is in the U. S. National Museum; the other specimens figured 
are in the author’s collection. 
Horizon and locality. Helderbergian, Linden formation, Benton County, Tennessee. 


Edriocrinus sacculus Hall 


Edriocrinus sacculus Hall, Nat. Hist. N. Y. Pal. III, 1850, p. 143, pl. 62, figs. 8, 9; pl. 87, figs. 1-22— 
Ohern, Geol. Surv. Maryland, Lower Devonian, 1913, p. 256, Pl. XL, figs. 10, 11, 12—Weller, Geol. 
Surv. N. J. Pal. III, 1903, p. 342, Pl. XLV, figs. 3-5——Kirk, Proc. U. S. Nat. Mus. 41, 1911, p. 112, 
pl. 11, figs. 14, 15—Jaekel, Palaeont-Zeitschr. Bd. 1, 1914, p. 383. 


The largest species; represented by the complete crown. Base inverted 
conical, usually asymmetric with the upper edge oblique, broadly spreading 
from a narrow rounded apex, enclosing a large cavity of similar form; walls 
thick, double, with space for fibrous structures between. Radial circlet cylin- 
drical; RR rectangular, enclosing wide anal plate projecting above them 
between arm bases. Arms broad and flat, with well defined food-groove; 
dichotomous, branching two or three times, curving outward and distal ends 
closely inrolled, forming a rounded cluster exceeding the calyx in diameter. 
IBr 10 to 12, occasionally more; short, transversely linear, with beveled 
sutures. Height to width of base in average of 40 large and small specimens, 
about I to t. Maximum crown from rounded base to top of recurved arms 
65 mm. high and 40 mm. wide at greatest width of arm cluster; calyx at arm 
bases, 44 mm. high by 28 mm. wide; base, 27 by 26; maximum free base, 42 mm. 
high by 35 mm. wide; minimum free base 10 mm. high by 12 mm. wide. Still 
smaller specimens occur attached to other objects singly or in clusters having 
about 10 IBr as in this species. 


Jaekel,t under the name Lodanella mira Kayser, from the Lower Devonian sandstone, 
Singhofen an der Lahn, figures fragments of a specimen which he compares with Edrio- 
crinus sacculus; figure 1 is a restoration of the calyx and arms, largely modeled on Hall’s 
figures. The horizon is comparable with the Oriskany sandstone, and the author notes the 
relationship of a faunal element of the American and Rheinish Devonian. He thinks the 
affinities of this form are with the Flexibilia. 

Schlueter ? mentions a species described by Hall in the Palaeontology of New York, 
Tom. 3, as “Edriocrinus spiralis,’—probably intending to cite this species. 

Types. Hall’s original in American Museum of Natural History, New York; those 
figured by Kirk in the U. S. National Museum. 

Horizon and locality. Oriskany sandstone, Cumberland, Maryland. 


* Palaeont. Zeitschr. Bd. 1, 1914, p. 483, figs. 1-4. 
* Zeitschr. Geol. Gesell. XXX, 1878, p. 50. 
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Edriocrinus becraftensis, J. M. Clarke 
Edriocrinus becraftensis Clarke, Mem. III, New York State Museum, 1900, p. 62, pl. 9, figs. 12, 13. 

A rather large species, known by the base only. Base very elongate, nar- 
rowly conical, slightly widening upward. Height to width about 1 to .75; 
type specimen 30 mm. high, 15 mm. wide at upper end, and 8 mm. near the 
lower rounded extremity. 

Type. New York State Museum, Albany. 

Horizon and locality. Oriskany sandstone, Becraft Mountain, Columbia County, New 


York. 
Section II 


Attached through life by encrusting base adapted to the form of objects to which attached. 


Edriocrinus adhaerens n. sp. 
Plate LXXVI, figs. 16-18 

A very small species; only the fused base known. Base low, spreading 
more or less at the encrusting surface, enclosing a broad shallow cavity; wall 
thin. Height to width of base about as 1 to 2. Specimens ranging from 5 to 
10 mm. in diameter. Maximum specimens are nearly as wide as minimum 
specimens of E. dispansus having the rounded base fully developed, thus 
making it improbable that this is the young stage of that species. 


Types. In the author’s collection. 
Horizon and locality. Helderbergian, Linden formation, Hardin and Benton counties, 
Tennessee. Usually found attached to shells or Camarocrinus bulbs. 


Edriocrinus pyriformis Hall 
Plate LXXVI, figs. 19-21 


Edriocrinus pyriformis Hall, 15th Rep. New York State Cab. Nat. Hist. 1862, p. 115 (sep. p. 87), text- 
figs. 1 and 2—Kirk, Proc. U. S. Nat. Mus. 41, 1911, p. 112, pl. 11, fig. 9. 


A medium-sized species, known only by the calyx. Base elongate, cylin- 
drical, with concave scar for attachment. RR long, expanding upward, giv- 
ing a turbinate aspect to the radial circlet; contracting toward the upper 
margin which is more or less abruptly bent in, so that the diameter at the 
radial facets is considerably less than that of the expanded portion below. 
Anal plate narrow, projecting above radials. 


Hall’s figures 1 and 2, on page 111 (87) of the 15th Report were drawn from three 
specimens,—figure 1 being a composite based upon a flattened calyx and two perfectly 
rotund sets of radials, and figure 2 a distal view of one of the latter. They show the form 
and proportions of the species with entire accuracy. Measurements of six specimens give 
the following average dimensions: Height of calyx, 33 mm., of radials, 18 mm., of base, 
15 mm.; width at zone of greatest expansion, 18 mm., contracting to 13 mm. at radial 
facets ; at basi-radial suture 10 mm.; base at surface of attachment, 10 mm. The extremes 
depart but little from this mean. This species is not quite constant in the sessile base, as 
among six specimens with base preserved, five have a broad concave scar, one has the 
scar almost completely overgrown; while a seventh, detached base only, associated with the 
others, is rounded. 
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Type. In American Museum of Natural History, New York. 

Horizon and locality. Helderbergian, Oneida County, New York. In Hall’s descrip- 
tion the horizon is erroneously given as Upper Helderberg, and the locality as Eastman’s 
quarry, south of Utica, New York; and my own specimens, originally in the Lyon collection 
and obtained by exchange from Hall, are similarly labeled. Eastman’s quarry, as known at 
the time when these specimens were collected, was located ten or twelve miles southeast of 
Utica, in the region of Litchfield, where the Coeymans limestone of the Helderbergian is 
well developed and has yielded important collections of fossils lithologically similar to these. 


Edriocrinus holopoides n. sp. 
Plate LX XVI, figs. 22a-b, 23 
Edriocrinus sacculus, in part, Ohern, Geol. Surv. Maryland, Lower Devonian, 1913, pl. 40, figs. 7, 8, 9 only. 
A large species, but smaller than £. sacculus, and with a shorter base; 
represented by the complete crown. Base low and broad, usually standing 
oblique to the surface of attachment; wall thin, enclosing a broad, bowl-shaped 
cavity not contracting downwards; expanding slightly towards the radials. 
Calyx and arms otherwise similar to these of E. sacculus, except that the arms 
are shorter and their inrolled cluster relatively not so wide. IBr 5 or 6, excep- 
tionally 7 or 8. Height to width of base in average of 21 large and small 
specimens, about I to 1.25. Dimensions of maximum crown: 45 mm. high 
and 35 mm. wide at greatest expansion of arm cluster; calyx, 28 mm. high by 
25 mm. wide at the arm bases; base, 17 mm. high by 19 wide; minimum crown, 
8 mm. high by 7 mm. wide; minimum base, 4 mm. high by 6 mm. wide. Thus 
up to their maximum the specimens of this species range in size about like 
those of E. sacculus, but the latter becomes considerably larger. 


Type. The specimen figured in the Maryland Report, formerly belonging to 
Mr. Hartly, is now in the author’s collection. 
Horizon and locality. Oriskany sandstone, Cumberland, Maryland. 
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RHOPALOCRINUS Wachsmuth and Springer 
Plate LX XV, figs. 11a-d 


Rhopalocrinus Wachsmuth and Springer, Revision Palaeocrinoidea, pt. 1, 1870, p. 57; ibid.,.pt. 3, Sec. 2 


1886, p. 176.—Bather, Rep. Brit. Assn. for 1888, 1899, p. 923; Lankester’s Treatise on Zool., pt. a 
1900, p. 191.—Springer, Amer. Geol. XXX, 1902, p. 95; Jour. Geol. XIV, 1906, p. 484.—Zittel- 
Eastman, Textb. Pal. 1913, I, p. 206. 

Genotype. Taxocrinus gracilis Schultze (not Taxocrinus gracilis Meek and Worthen), 
Monogr. Echinod. Eifel Kalkes, 1866, p. 37, pl. 4, figs. 3, 3a. 

Distribution. Middle Devonian, Eifel, Germany. 

In proposing this genus under the family Ichthyocrinidae for the species which Schultze 
had described under the name Taxocrinus gracilis, Wachsmuth and Springer pointed out its 
close relationship in arm structure and in the possession of an elongate ventral tube to such 
genera as Synbathocrinus, and expressed doubt whether it belongs to the [chthyocrinidae, 
which family as then conceived embraced all the Flexible crinoids. In the revised edition 
(1913) of Zittel-Eastman’s Textbook of Palaeontology, page 206, it is stated that this form 
“might be described as a dicyclic Synbathocrinoid, with some interbrachial plates.” This 
characterization was induced largely by the presence of the strong ventral tube, apparently 
extending to the full height of the arms. This fact was not shown by Schultze’s figures, but 
I have been enabled by some further preparation of the type specimen, now in the Museum 
of Comparative Zoology at Harvard, to illustrate the actual structure in this respect very. 
clearly, as shown by figures 11b, c on Plate XXV. The interbrachials (fig. 11d), the pres- 
ence of which is contrary to the dominant character of the typical Inadunata, bear consider- 
able resemblance to those found in some primitive Inadunates like Cupulocrinus, as shown 
upon the same plate, figures 2a, 5; they are irregular and may be only sporadic, as they 
occur in but a single interradius. 

But for the tube, the affinities of the genus would be decidedly with Cupressocrinus, 
which it strongly resembles in shape and formation of the arms, especially in the presence 
of the very short first brachial, which is a marked character in all the species of that genus. 
The two genera are similar in having a dicyclic base, of which in Rhopalocrinus the lower 
ring is represented by an undivided disk as in Cupressocrinus. Schultze’s figure 3, showing 
a suture directly below the posterial basal, is incorrect, as is my copy of it at figure Ila, in 
which the error was inadvertently preserved. In this respect the statement of Wachsmuth 
and Springer (Revision Palaeocr. pt. 1, p. 58), that this form has “underbasals 3,” must 
also be corrected. Unfortunately but a single specimen of the type species has ever been 
found, and we do not know to what extent the singularly composite characters which it 
presents are persistent. 

On account of the massive tube, which as now disclosed by the new figures represents 
an extension of a tegmen composed of solid plates, this genus must be excluded from the 
Flexibilia. As to this character it belongs rather to the Fistulate Inadunata. 


? 
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CYDONOCRINUS Bather 
SYCOCRINUS Austin 


Dr. Bather in 19131 described a new genus, Cydonocrinus, and in 1914? redescribed 
Austin’s hitherto imperfectly known Sycocrinus, both from the upper Visean zone of the 
British Lower Carboniferous. To the latter genus he refers the species Hypocrinus pyri- 
formis Rothpletz, from the island of Timor; and he ranges the two genera under the 
Taxocrinidea for reasons given in his very full discussion of their characters. I have not 
seen any of the specimens (the single one in the Austin collection not having been observed 
by me when I examined that collection), but Dr. Bather’s descriptions and figures leave 
nothing to be desired. 

These forms are remarkable for the position of the anus, which opens laterally directly 
through the dorsal cup and below the level of the radials, as in the Gasterocomidae. All 
have three large infrabasals, of which the small plate is in the right posterior position. The 
dorsal cup is globose or ovoid, strongly constructed, contracting at the arm bases to a narrow 
tegmen, with no indication of any incorporation of brachials within it, either by lateral union 
or by solid or perisomic interbrachial structures ; nor does there seem to be any place where 
such structures might have rested. The shape of the radial facets indicates that the rounded 
arms were free from their origin on the radials; and one gets the same impression from 
‘both Bather’s and Austin’s reconstruction of Sycocrinus (op. cit., 1914, Pl. X, figs. 1d 
and 2e). The tegmen is not known, but the space for it is greatly reduced, and the con- 
struction at the margin indicates that it must have been rigid, probably like that of the 
Cyathocrinidae. The only character which these specimens have in common with the 
Flexibilia is the right posterior position of the small infrabasal. The position of this plate 
is not constant, neither in the Flexibilia nor in the Inadunata. In the former it is usually 
right posterior, but in some species of Forbesiocrinus, as elsewhere shown, it is anterior. 
In Gissocrinus of the latter, as shown by Bather in The Crinoidea of Gotland, it is extremely: 
irregular. In Hypocrinus, from which he separates H. pyriformis chiefly on this character, 
the small IB is anterior. But in Lecythiocrinus, from the American upper Carboniferous, 
which specimens acquired since the original description show to have not only the same 
type of anal opening, but also three infrabasals, the small plate is right posterior. In the 
Inadunate family Gasterocomidae the infrabasals are unstable, often fused to 3 or I—most 
frequently the latter according to my observation. 

The entire facies of these forms is opposed to that of the Flexibilia, and in every respect 
where they differ from that group they agree with the Inadunata. The dorsal position of 
the anus is unknown among the Flexibilia. While it is true, as Bather suggests, that this 
does not preclude the discovery of such a form, yet when there is within the Inadunata such 
a family as the Gasterocomidae, which will receive forms like this without violating funda- 
mental conceptions, I must be pardoned for not being able to perceive sufficient reason for 
referring them to the Flexibilia, with whose leading characters, according to my conception of 
them, they are in nearly every respect in conflict. 


*Ann. and Mag. Nat. Hist. 1973, p. 388. 
* Tbid., 1914, p. 252. 
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—— hemisphericus Rowley (1904)—Lecanocrinus pisiformis (Roemer)..............0000.-0ee0s 
— incisus Ringueberg (1886)— Asaphocrinus incisus (Ringueberg).....................00000: 
—= lhens Riliias Mis) Proarocnmne Tncwns (Cssilbi95)) 5 6oo0cec0n500gadcundbodnooudbnoRaenE 
—— macropetalus Angelin (in part) (1878)— Anisocrinus angelini Wachsmuth and Springer..... 
— macropetalus Angelin (in part) (1878)=(?) Anisocrinus irregularis Springer....+........... 


nitidus Ringueberg (1886)— Asaphocrinus ornatus (Hall)..................0c.. see ces cece es 
oniains Ina (atk2) = Acmpnocninns omnis (sill), 5ooccocooccob0s cacnopoea Gan cneoobeccbuc 
oswegoensis Miller and Gurley (1894)= Anisocrinus oswegoensis (Miller and Gurley)....... 
pussilus Winchell and Marcy (not Hall) (1865)—=Lecanocrinus waukoma (Hall)........... 
puteolus Ringueberg (1886)— Lecanocrinus macropetalus Hall...................2.00..0 000s 


waukoma Weller (in part) (not Hall) (1900)—= Pycnosaccus calyculus (Hall)............... 
macropetalus Angelin (in part) (1878)= Anisocrinus irregularis Springer n. sp............... 
TEPIOGRINUSESpLing enn (L902) —Ilomalocrintusm an celinaetieerecasicciciocielcioeiieece niece ce caececenae 
Lirgocrtnus Wachsmuth and Springer (in part) (1879)— Cholocrinus Springer.................. 
— obesus, Wachsmuth and Springer (1879) Cholocrinus obesus (Angelin)................... 
— robustus, Wachsmuth and Springer (1879)—Lithocrinus divaricatus (Angelin)............. 


470 SMITHSONIAN INSTITUTION 


MERISTOCRINUS 
—— loveni, Springer (1906)—= Meristocrinus interbrachiatus (Angelin).............--.+see esses 
MESPILOCRINUS 

scitulus Hall (1861)= Mespilocrinus konincki Hall.............e ese ese cere eee e ee eee eees 
METICHTHYOCRINUS 

greenei, Springer (1906)—(?) Clidochirus greenei (Miller)...........-.. eee eee eee ee eee eee 


Oxtcocrinus Springer (1902, ’06)—Onychocrinus Lyon and Casseday.........-...+.+eeeeee eens 
—— asteriaeformis, Springer (1902)—Onychocrinus asteriaeformis (Hall) 
ONCoxerriwis eke (Tel) = IPAs /NiEliials 5 oo ooodn0006000000000 000 dd00000000000000000000 
— bucephalus Bather (1890)—= Pycnosaccus bucephalus (Bather) 
ONYCHOCRINUS 

— cantonensis Miller and Gurley (1890)—=Onychocrinus ulrichi Miller and Gurley 
— meeki, Meek and Worthen (1866)= Parichthyocrinus meeki (Hall)..................%...... 
— monroensis, Meek and Worthen (1866)— Onychocrinus exsculptus Lyon and Casseday 
— norwoodi, Meek and Worthen (1866)— Onychocrinus exsculptus Lyon and Casseday 
—— parvus Miller and Gurley (1894)— Onychocrinus pulaskiensis Miller and Gurley 
—— whitfieldi, Meek and Worthen (1873)— Taxocrinus whitfieldi (Hall) 
PENTACRINUS 

— tuberculatus, Quenstedt (1876)—TIchthyocrinus pyriformis (Phillips)........................ 
PLANTAE POLYPIERE Witry (1780)=— Forbesiocrinus De Koninck and Le Hon 
Porertocrinites nobilis, Goldfuss (1839)—= Taxocrinus nobilis (Phillips) 
POTERIOCRINUS 

— young Phillips (1836)— Mespilocrinus De Koninck and Le Hon.......................e0ceees 
— young Phillips (1836)— Mespilocrinus forbesianus De Koninck and Le Hon 
— ? Egertoni Phillips (1836)—(?) Onychocrinus polydactylus (M’Coy) 
—— granulatus Phillips (1836)—(?) Euryocrinus granulosus (Phillips)......................00.. 
— granulosus Phillips (1836)—(?) Euryocrinus granulosus (Phillips) 
——— nobilis se hillipss 836) —maxocrinusmnobiliss @ehillips) meeeeeeee eee eee 
—— pisiformis Roemer (1860)—Lecanocrinus pisiformis (Roemer)...............0eee cee eeeeees 
PROGUETTARDICRINUS Steinmann (1908)— Forbesiocrinus De Koninck and Le Hon 
— ? greenei, Steinmann (1908)=— Forbesiocrinus greenei Miller and Gurley 
Pycnosaccus 

— ? costatus Angelin (1878)— Pycnosaccus scrobiculatus (Hisinger).............00.eeeeeeeees 
— ornatus Weller (1900 plates)—= Pycnosaccus americanus Weller (text) 
RHODOCRINITES 


— verus Miller (in part) (1821)—Sagenocrinus expansus (Phillips) 
RHODOCRINUS 
—  (Taxocrinus) gracilis, Shumard (1866)— Eutaxocrinus gracilis (Meek and Worthen) 
— (Taxocrinus) nuntius, Shumard (1866)—= Synaptocrinus nuntius (Hall).................... 
— (Taxocrinus) thiemei, Shumard (1866)— Wachsmuthicrinus thiemei (Hall) 
— verus, Roemer (1852-54)—Sagenocrinus expansus (Phillips) 
SAGENOCRINITES 
— Austin and Austin (1842)—Sagenocrinus Austin and Austin...................-5- 
expansus, Austin and Austin (1842)— Sagenocrinus expansus (Phillips) 
—— giganteus Austin and Austin (1842)—Sagenocrinus expansus (Phillips) 
TAXOCRINUS 
—. p Angelinn Gnspart) mn (1878) erotaxocninussSprincer- eee eee eee eee eee eee ne ener 
— (Gnorimocrinus), Wachsmuth and Springer (in part) (1879)— Protaxocrinus Springer 
— , Wachsmuth and Springer (in part) (1879)— Temnocrinus Springer 
——atnnis) Muller (1856) = utaxocrinuspatiniss (Viullem)eeeern-eciticererieniieiecice rir 
=—— AustinieAngelins (1878) —ProtaxocninussSaltenm ¢Angelin) peepee eeereeceeeeceee ree ereerrere 
—— beyrichi, Wachsmuth and Springer (1886)— Dactylocrinus beyrichi (Dewalque) 
— communis, Meek and Worthen (1865)=— Forbesiocrinus communis Hall 
= Iconcavills) Rowley, (1803) — Dactylocrinusiconcayusm Rowley) meee 
— (Aristocrinus) concavus Rowley (1895)=— Dactylocrinus concavus (Rowley)................ 
— crawfordsvillensis Miller and Gurley (1894)— Parichthyocrinus crawfordsvillensis 

(Miller andviGurley)) oder cise Srey oene renee eae ctu ste ley eer LS oie EER anes 
—— ormims Willams (ita) == ISitemocmms Cums (WailberiS)). ooocopnon0p00000050000006a0000000 
——— distensusp Angelini (1678) — brotaxochinusssalter (Angelim)pereeeeeeereeereercenoeereriece: 
——— Peertoniy Morris) (1843) —Onychocrinusi polydactylus) @iCoy) aeeeeeeee eee teeecee 
— elegans, Wachsmuth and Springer (1886)— Protaxocrinus elegans (Billings) 


INDEX OF SYNONOMY 


TAXOCRINUS expansus Angelin (1878)= Gnorimocrinus expansus (Angelin)................-..... 


Paee serene 


Heidt 


CUE EE 


(Gnorimocrinus) excavatus, Wachsmuth and Springer (1879)— Dactylocrinus 

EXCAVAtlISM ES ClUTIEZE)) Brea ecee rc aerate eteasestarcy cece ese PES Cee Tec ToT tae TINE oats alae fo ra ance wctoraeates a aeevere 
(Gnorimocrinus) expansus, Wachsmuth and Springer (1879)—= Gnorimocrinus 

EMA stism CAM Selim me rcr eats areata te eyciace (acs ts newer eaclal Maverstencic Sete alate aiedeneecaeaete oes Be oft 
fletcheri Worthen (1882)— Eutaxocrinus fletcheri (Worthen)..................2--c0eeeeeeee 
gracilis Meek and Worthen (1865)— Eutaxocrinus gracilis (Meek and Worthen)............ 
gracilis Schultze (not Meek and Worthen) (1866)= Rhopalocrinus gracilis (Schultze)........ 
granulosus, Bronn (1848)—(?) Euryocrinus granulosus (Phillips)................00-000000e 
incurvus, Wachsmuth and Springer (1879)— Synerocrinus incurvus (Trautschold) 
interbrachiatus Angelin (1878)— Protaxocrinus interbrachiatus (Angelin)................... 
(Gnorimocrinus) interbrachiatus, Wachsmuth and Springer (1879)—= Protaxocrinus 

THOUS IT DIVO MEMES. CANERCI TIA) SS Grain Bea Geers AIUre chene ees cic ReGen Soe ame cele Colca aise entire pac 
interscapularis, Cleland (1911)—=Taxocrinus telleri Springer n. sp 
ithacensis Williams (1882)==Eutaxocrinus ithacensis (Williams)......................:...- 
juglandiformis Schultze (1867)—= Eutaxocrinus juglandiformis (Schultze) 
laevis, Wachsmuth and Springer (1886)— Protaxocrinus laevis (Billings)................... 
lobatus var. Whiteaves (not Hall) (1889)— Eutaxocrinus whiteavesi Springer n. sp........... 
lobatus var. tardus, Wachsmuth and Springer (1879)—= Dactylocrinus tardus (Hall).......... 
meeki, Wachsmuth and Springer (1879)— Parichthyocrinus meeki (Hall)................... 
meeki, von Zittel (not Hall) (1895)—Taxocrinus colletti White................ 0000.0 eee eee 
multibrachiatus var. colletti White (1880)— Taxocrinus colletti White....................... 
multibrachiatus, Wachsmuth and Springer (1879)— Forbesiocrinus multibrachiatus 

Byombat da @asse clauydesyt ees cc jayei ciel salcteseysestedey ke vera sSteus, cesys apensiettniceetaraysniens adv oesrastiatsre ebauaters sununrebeteteehe 
multibrachiatusncollectionum—maxocrinus) collectti Wihitess.-- eerie ale cee sini eeiticieieieinie 
Manisuoaltenm (673) — I lomalochinusy parabasalisAm@elintrness-1-1leldeienteirtial eters eieiaeeicieias 
norwoodi Meek and Worthen (1865)— Onychocrinus exsculptus Lyon and Casseday.......... 
nuntius, Meek and Worthen (1865)— Synaptocrinus nuntius (Hall).....................000% 
oblongatus Angelin (1878)— Eutaxocrinus oblongatus (Angelin)...................-.0-.000. 
(Gnorimocrinus) oblongatus, Wachsmuth and Springer (1879)= Eutaxocrinus 

ohiloncaims CAsmueltin)) ocedocesooautoonstansassaosp ons uooboeocoomusbonseadosnaDoDaesudod 
oligoptilus, Wachsmuth and Springer (1886)= Dactylocrinus oligoptilus (Pacht)............ 
orbignii M’Coy (1850)= Meristocrinus orbignyi (M’Coy)............. 0. eee ece cee e ee eee eens 
OvalisuAnceliny (@r878) —erotaxocrinussoyalisy @Angelin)) irre reeicry lcs: llceieiaiect selec 
(Gnorimocrinus) ovalis, Wachsmuth and Springer (1879)= Protaxocrinus ovalis (Angelin) . . 
polydactylus M’Coy (1844)= ? Onychocrinus polydactylus (M’Coy).........................; 
(Gnorimocrinus) punctatus Angelin’ (1878) = probably a Cyathocrinoid)...........--25s. 06. 
thenanus, Sandberger (1850)— Eutaxocrinus rhenanus (F. Roemer)........................ 
rigens Angelin (378) EHutaxocninussoblongatuse @Angelin) perience ieetieeerceeicte 
Salteri Angelin (1878)— Protaxocrinus salteri (Angelin)......................0.. sees eee 
(Gnorimocrinus) salteri, Wachsmuth and Springer (1879)— Protaxocrinus salteri (Angelin) 
semiovatus Meek and Worthen (1866)= Onychocrinus sp. (?).......... 2... see eee eee sees 
spinifer, Meek and Worthen (1865) Wachsmuthicrinus spinifer (Hall).................... 
splendens Miller and Gurley (1896)= Taxocrinus colletti White.........................-05. 
sturtzii Follmann (1887)= Eutaxocrinus sturtzii (Follmann)................-..-........05- 
subovatus Miller and Gurley (1890)=— Parichthyocrinus subovatus (Miller and Gurley)....... 
thiemei Meek and Worthen (not Hall) (1873)—= Wachsmuthicrinus spinifer (Hall).......... 
thiemei, Meek and Worthen (1865)== Wachsmuthicrinus thiemei (Hall)..................... 
tuberculatus, Phillips (1843)—Temnocrinus tuberculatus (Miller).................22..200-5 
tubuliferus Angelin (1878)=— Protaxocrinus salteri (Angelin)......-....--...eeeeee eee ee eee 
wetherbyi Miller and Gurley (1895)=Taxocrinus whitfieldi (Hall)........................-. 


ZEACRINUS 


| 


(Troost) Schultze (not Tall) (867) = Dactylocninus |@wensStedt yer -irt-)-rieet ciate 
beyrichi Dewalque in Fraipont (1884)= Dactylocrinus beyrichi (Dewalque).................. 
excavatus Schultze (1867)= Dactylocrinus excavatus (Schultze).............+2-.....- 0.05: 
excavatus var. interscapularis Schultze (1867)— Dactylocrinus excavatus (Schultze)......... 
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GENERAL INDEX 


The names of Genera, Species, and larger divisions considered to be valid are printed in bold-face 
type; those regarded as synonyms, in italics. The bold-face figures indicate the page at which the genus, 


species, or term is defined. 


Abactinal system, 26, 27. 
Abnormalities, 133, 179, 185, 352, 365, 366, 386, 402, 


AGG. (CAL IUD), 
— 4 rays, 366. (PI. XLIX, figs. 7a-e). 


—— 6 rays, 48, 60, 402, 435. (Pls. LVII, figs. 11a-c; 
LXXII, fig. 12). 
—— 7 rays, 386. (PI. LII, figs. 8a-d). 
Acknowledgments, 16-18. 
Actinal system, 26, 48. 
Actinocrinidae, 77. 
Actinocrinites, 216. 
expansus, 215, 216, 217, 218, 384. 
Actinocrinus concavus, 317. 
Actinometra, larval stage, 61, 70, 81, 85. 
“ Actinometra stage,” 81, 87. 
Adambulacra or side-pieces, 21. 
Agaricocrinus, unequal rays, I7I, 172. ~ 
Agassiz, A., 6, 17, 79. 
Agassiz, Louis, 17. 
Ambulacra, 22, 235, 390, 420, 449. 
Ambulacrals (Amb.), 21, 22, 50. 
American and European faunas, 96. 
American Mus. Nat. Hist., 7, 8, 17, 280. 
Amphicrinus, 24, 20, 32, 30, 41, 66, 314, 310, 337- 
338. (Text-fig. 45). 
anal interradius smallest, 337. 


—— degenerate tendency of anal, 338. 
—— infrabasals, atrophy, 337, 339, 340. 


Expl. Pl. XXIV. 


carbonarius, 341. Pl. LX, figs. 12a, b). 
scoticus, 24, 338. (PI. XL, figs. ga-11b). 
Anal plates, 21, 68-72. 


Anal structures, 21, 56, 61-65, 72, 76, 80-82, 112, 


262 


~— asymmetry, 63, 65, 70. 

—— malformation in Amphicrinus, 340. 

— in Recent crinoids, 60, 68, 70, 87. 

—— strong and weak, 112-116, 235, 236, 335, 408. 


Anal tube, 22, 50, 51, 61-63, 115, 236, 334, 363, 365, 
374, 390, 427. (Text-figs. 8, 28c; Pls. LXVI, 
fig. 2; LXVII, figs. 4, 5, 6). 

—— in larval stages, 80-82. 

Anal #, 21, 40, 57, 71, 86, 114, 340. 

Anchylosis, 23, 38. 

Angelin, N. P., 3, 100, 127, 145, 147, 266, 274, 270, 
204, 297, 379. 

Anisocrinus, 53, 64, 126, 160-162. 

the species of, 162. 

angelini, 1290, 163. (PI. X, figs. 4a, b). 

greenei, 163. (PI. X, figs. 8, 9). 

interradiatus, 162. (Pl. X, figs. 1a-3b). 

irregularis, 165. (PI. X, figs. 5a-6). 
oswegoensis, 164. (PI. X, figs. 7a-c). 
Anus (As), 22, 51, 67. 

- Antedon, infrabasals, 309. 


(Text-fig. 15). 


Pie 


—— larval stages, 22, 48, 60, 62, 64, 68, 69, 72, 79. 
82, 87. (PI. A, figs. 1-6). 

bifida, 80. 

“ Antedon stage,’ 82, 85, 87. 

Apiocrinidae, stem in, 28. 

—— differ from Flexibilia, 92. 

Apiocrinus, 446. 

Arachnocrinus, 36, 47. 

arms of, 47. 

— canadensis, 182, 189. 

pisiformis, 135, 136. 

Arcuate sutures, 26, 43-45, I12, 230, 242, 252, 271, 
290, 402, 407, 434. (Text-figs. 6, 7). 

Aristocrinus, 304, 306. 

—— concavus, 309. 

Arm plates (see Brachials). 

Arms, 20, 45-48, 61, 77, 152. 

—— autotomy, 403. 

— begin with first brachial, 43. 

—— coiling, 47. (Pl. XVIII). 

—— composition, 47. 

—— dextrorse twist, I9I, 194. 

—— dichotomous, 20, 45, 73. 

heterotomous, 20, 46, 73, 77, 304, 360, 418, 410, 


interradial, 47. 

— in Promachocrinus, 48. 

—— in Thaumatocrinus, 47. 

—— multibrachiate, 45. 

—— relative size, 47. 

— unequal, 20, 46, 171. 

— uniserial or biserial, 20, 45. 

Arthracantha, 77. 

Articulata, 105, 106, 107, 267. 

—— characters, 106-108. 

Articulations, 23, 26, 42, 43, 107, 232. 

Articulosa, 110. . 

Artists, 3, 15. 

Asaphocrinus, 174-175, 354. 

—— the species of, 175. 

—— bassleri, 178. (PI. X, figs. toa-14). 

—— excavatus, 177. (PI. IV, figs. 23-29). 

—— incisus, 178. (PI. IV, fig. 30). 

—— ornatus, 176. (PI. IV, figs. 1a-22). 

Asymmetry, 63, I9I, 195, 285. 

Atrophy of infrabasals, 31, 119, 120, 262, 260, 277, 
280, 315, 337, 339, 340. 

Austin, G. W., 17. 

Austin, Thomas, Sr., and Thomas, Jr., 3, 108, 216, 
379, 454. 

Autotomy, casting off arms, 403. 

Axial canal, 20, 22, 32, 34, 107, 241, 252, 260, 277, 
324, 339, 340. (Pl. LXXVI. Expl. figs. 15a, D). 

in arms, 22. 

Axial nerve cords, 22, 32, 24, 35-30. 

Axillary brachials (Ax), 21. 


(Pl. XXIV). 


(Text-fig. 18). 


(2) OOD). 
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Barris, W. H., 7, 10, 11, 317. 

Bartsch, Paul, 6. 

Barycrinus, 376, 418. 

Basals (BB), 20, 31-41, 113-119, 146, 232, 260, 401. 

Base, 20, 113, 118, 339, 444. 

attachment direct by, 444. 

— concave, 305. 

dicyclic, 20, 379, 444. 

—— fused in Edriocrinus, 444, 447. 

monocyclic, 20, 37, 39, 104, 339, 445. 

Bassler, R. S., 4, 8. 

Bather, F. A., 2, 19, 20, 26, 33, 36, 37, 44, 56, 88, 98, 
103, 104, 110, 127, 242, 267, 205, 315, 339, 444, 454. 

— in Lankester’s Zoology, 103. 

—-— in Minchin, Zoological Record, 180. 

Bathycrinus, recuperation, 403. 

Beachler, Charles S., 8, 10, 12, 13. 

Beebe, J. O., 11. 

Beyrich, H. E., 33, 98, 242, 378. 

Billings, E., 88, 127, 270. 

Billings, Walter R., 8. 

Biserial arms, 20. 

Blastoids, basals of, 38. 

Borden, W. W., 8, 10, 197. 

Botrycrinus, 57. 

Boule, M., 17. Expl. of Pl. XXII, fig. 3. 

Brachials (Br), 19, 21, 41-45, 61, 72, 73, 130, 350, 


366, 375. 
—— buttresses, 350. Expl. Pl. XLV. 


curved sutures (see Arcuate). 

—— modifications, 72, 413. 

number, 72, 76, 252, 376, 378, 396, 401, 407 (see 
Primibrachs). 

Braun, Fred., 8, 9, 10, 12, 14. 

Bridgeport, Illinois, 288, 280. 

British Museum, 2, 339. 

Bronn, H. G., 266. 

Brussells, Muséum d’Histoire Naturelle, 3, 226. 

Burlington, Iowa, 4, 10, II, 16, 199, 320. 

Bury, H., 39, 69. 


Calamocrinus, 42, 50, 54, 64, 79. 

Caleidocrinus, 442. 

multiramus, 442. 

fig. 24). 

syn. of Iocrinus, 443. 

Callawaycrinus, 304, 306, 300. 

—— concavus, 300. 

Calpiocrinus, 27, 28, 32, 33, 40, 41, 64, 65, 145-153, 
292, 204. (Text-fig. 14). 

infrabasals in, 146, 149. 

the species of, 153. 

—— fimbriatus, 158. (Pl. VIII, figs. ta-5b). 

heterodactylus, 157. (Pl. VII, figs. sa-e). 

humilis, 293. 

intermedius, 156. (PI. VII, figs. 1a-3b). 

ovatus, 157. (PI. VII, figs. 4a-f). 

pyrum, 296. 

rotundatus, 159. 

Calvin, Samuel, 247. 

Calyx, 20, 58, 113, 117, 239, 396. 

— flexibility, 26, 51, 112, 232, 270, 285, 375, 418. 

—— non differentiation, 112, 181, 268. 

recuperation, 32, 402, 403. 

strong and weak, 58, I13, II5. 


(Pls. LXXV, fig. 9; LX XVI, 


(Pl. VIII, figs. 6a-8). 


INDEX 


Camerata, 59, 105. 

Canada, Geological Survey of, 7. 

Cap-encrinite, 265. 

Carboniferous, 07, 357, 379, 380. 

Carpenter, P. H., 19, 448. 

Carpenter, W. B., 31, 48, 54, 68, 74, 100. 

Carpocrinus expansus, 218. 

pyriformis, 273. 

Case, E. ©, 17. 

Centrocrinus, 167. 

—— tennesseensis, 166, 167. 

Chambered organ, 22, 32, 33, 35, 38, 39, 241, 260. 
(Text-figs. ta, 2a; Pl. XXX). 

Chapman, K. M., 15. 

Characters, for description, 129, 380. 

convergence of, 65, 90, 407. 

—— specific sometimes worthless, 419. 

Chazyan, 8. 

Chemung, 10, 360. 

Chicago, University of, 17, 280. 

—— area, 288, 280. 

Choteau formation, 10. 

Cholocrinus, 46, 55, 170-172. 

= WET, 17/7), 

— unequal rays in, I71. 

—— obesus, 173. (PI. IX, figs. ta-4e). 

Cirri, 28. (Pls. LXIII; LXXI; LXXVI, Expl. figs. 
15a, b). 

Cincinnatian formations, no Flexibilia in, 25. 

—— recurrence of species, 340. 

Cladocrinites Austin, 207, 373, 377. 

egertoni, 439. 

macrodactylus, 383. 

nobilis, 304. 

tuberculatus, 200. 

Cladocrinoidea, 104. 

Cladocrinus Agassiz, 373, 377. 

Clark, Austin Hobart, 5, 6, 20, 31, 39, 40, 49, 51, 54, 
60, 63, 70, 79, 86, 91, 448. 

Clark, Wm. B., 17. 

Clarke, John M., 17. 

GrantziG@eriewi7. 

Crook, A. R., 17. 

Classification, 100-121. 

of Bather, 103, 104. 

— Bronn, ror. 

Jaekel, 104. 

—— Miller, J. S., too. 

Muller, Joh., 1o1, 108. 

Roemer in Bronn, 108. 

—— Springer, 244, 245. 

— Wachsmuth, Io2. 

— Wachsmuth and Springer, 102, 103. 

— Zittel, 102. 

Cleiocrinus, 67, 90, 91, 441. 

Cleistocrinus, 32, 41, 292. (Text-fig. 37). 

—— humilis, 293. (Pl. XXXVIII, figs. 1a-2b). 

Clidochirus, 86, 294-296. Expl. Pl. XXXVI, fig. 16. 
(Text-fig. 38). 

— infrabasals in, 295. 

—— the species of, 206. 


—— americanus, 298. (PI. XX XVII, figs. 7a-8). 
-—— greenei, 300. (Pl. XXXVII, fig. 14). 

—— keyserensis, 298. (PI. XX XVII, figs. ga-11). 
—— pyrum, 296. (PI. XXXVII, figs. 1-6). 


(Text-fig. 17). 
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—— schucherti, 299. (PI. XXXVII, figs. r2a-13b). | 
Close suture, 23. | 


Collections and localities, 2-13. 

-—— Alpena, Michigan, 10. 

— American Museum of Natural History, 7. 
-——— Austin, Thomas, Sr., and Thomas, Jr., 3. 
—— Barris, W. H., collections, 6, 10, 11. 
— Beachler, Chas. S., 8, 10. 

—— Beebe, J. O., collection, 11, 253. 

— Belmont, New York, ro. 

—— Benedict, A. C., collection, 9. 

— Bergkalk, 13. 

—— Billings, Walter R., 8. 

— Birmingham, England, 2. 

—— Bittner, S., collection, 11. 

— Bohemia, 9. 

— Bonn, University, 3, 10. 

— Boonville, Missouri, 12, 13. 
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Cretaceous, 13. 

Crinoid, skeletal elements, 74. 

Crinoidea, primary divisions, 105. 
Cromyocrinus, 438. 

Crook, A. R., 17. 

Crown, 20, 74. 

Cryptobasalia, 307, 379. 

Cryptodicyclic, 277. 

Cupressocrinus, 36, 453. 

Cupulocrinus, 56, 57, 88, 80, 90, 91, 207, 210, 345, 453. 
—— humilis, 89. (PI. LXXV, figs. 5). 
—— jewetti, 89. (PI. LXXV, figs. 2a-4). 
—— minimus, 88. (Pl. LXXV, figs. 6a, b). 
—— tuberculatus, 209. 

Curious Fossil, 273. 

Cyathidium, 448. 

Cyathocrinites, 207, 209, 363. 

—— pyriformis, 273, 277. 

—— scrobiculatus, 183. 

—— tiaraeformis (tiariformis), 320, 325. 
—— tuberculatus, 209, 273, 305, 384. 
Cyathocrinus, 46, 57, 176, 207. 

— blairi, 196. 

-_— brachydactylus, 360. 

—— interbrachiatus, 212. 

— (lsocrinites) macrodactylus, 374, 380. 
—— maxvillensis, 47. 

— nobilis, 394. 

—— pisiformis, 135. 

—— polydactylus, 439. 

— pusillus, 130, 132. 

pyriformis, 273, 279. 

rhenanus, 360. 

tuberculatus, 24, 209, 270, 361, 377. 
waukoma, 140. 

Cydonocrinus, 51, 454. 

Cyrtidocrinus, 125, 127. 

—— facietatus, 133. 


Dactylocrinidae, 46, 305. 

Dactylocrinus, 46, 86, 304-307, 335, 360. 
fig. 40). 

—— concave base, 305, 308. 

—— heterotomous arms, 304. 

—— the species of, 307. 

—— alpena, 312. (Pl. XLI, figs. 10a, b). 

—— beyrichi, 31x. (PI. XLI, figs. 3-4b). 

— concavus, 309. (Pl. XLI, figs. 7a-9). 

—— excavatus, 308. (Pl. XLI, figs. 5a-6c). 

—— oligoptilus, 306, 310, 311, 312. (Pl. XLI, figs. 
Id-2). 

—— tardus, 313. 

Damon, Robert, 9. 

Degenerate tendency in Amphicrinus, 335, 338, 340. 

De Koninck and Le Hon, 226, 228, 241, 244, 378. 

Dendrocrinus, 56, 87, 208. 

Descriptions, characters in, 129, 271. 

Devonian, 9, 312, 357, 379. 

Dextrorse asymmetry, 63, 191, 194. 

Dichocrinus polydactylus, 423. 

Dichotomous branching, dichotomy, 20, 46, 73. 
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Dicyclic, 20, 37, 40, 339, 379, 445. 

all Flexibilia are, 31. 

base in Recent crinoids, 40. 

Dicyclica and Monocyclica, 103. 

Dimerocrinidae, 305. 

Dimerocrinites, Dimerocrinus, 210, 304, 305, 300, 
310, 378. 

—— nobilis, 306, 304. 

—— oligoptilus, 210, 305, 306, 310, 378. 

—— tuberculatus, 200, 210. 

Disk, 20. 

Distal, 23. 

Distichals, 21. 

Distortion of calyx, 285, 288. 

Distribution of Flexibilia, 93-99, 124. 

—— by families, 93. 

—— by genera, 94. 

—— by species, 99. 

— of Ichthyocrinidae, 263. 

— of Lecanocrinidae, 124. 

— of Sagenocrinidae, 206. 

— of Taxocrinidae, 344. 

Dizygocrinus, unequal rays, 172. 

Doederlein, L., 39. 

Dolatocrinus and Hadrocrinus, 10, 410. 

Dollo, S., 17. ° 

Dome, 20. 

D’Orbigny, A., 266. 

Dorsal, 23. 

—— canal, 22, 107. 

—— cup, 20. 

nerve cord, 141, 234. 

Drawings, 3, 15, 16. 

Dudley, England, 2, 

Dunlap, R., 339. 


271. 


Eastman, Chas. R., 17. 


Edriocrinus, 443-452. 
-_— fixed and free forms, 446. 
—— fused basals, 444. 
-—— monocyclic, 445. 


—— adhaerens, 446, 451. (PI. LX XVI, figs. 16-18). 
—— becraftensis, 451. 

—— dispansus, 446, 449. 
—— explicatus, 445, 449. 


(Pl. LX XVI, figs. 1-5). 
(Pl. LXXVI, figs. 13-15). 


——  holopoides, 447, 452. (Pl. LXXVI, figs. 
22a-23b). 

-— occidentalis, 445, 449. (Pl. LXXVI, figs. 
6-12). ? 


—— pocilliformis, 444, 448. 

—— pyriformis, 451. (Pl. LXXVI, figs. 19-21). 
—— sacculus, 444-446, 450. z 
Eifel, 9, 142. 

Ellis, John, 24, 265, 274. 

Encrinites armatus, 200. 

—— moniliformis, 335, 336. 

—— stoloniferus, 335, 330. 

Encrinus, 24, 57, 210, 265, 273, 315, 338, 339. 
Endoxocrinus, 46. 

—— parrae, 32, 40, 338. 

Etheridge, Robert, 98. 

Eucladocrinus, 77. 

Eugeniacrinus, 447. 


Eulima ptilocrinicola. Expl. Pl. LXXV, fig. 16. 


INDEX AGG) 
European faunas, 96, 97. 

Euryalecrinus, 373, 377. 

Euryocrinus, 32, 42, 314-316, 328, 410. (Text-fig. 


41). 

—— infrabasals resorbed, 315. 

—— the species of, 316. 

—— harrisi, 316. (PI. XL, figs. 1a-3). 

—— concavus, 314, 317, 319. (PI. XL, figs. 4a-5). 

—— granulosus, 319. (PI. XL, fig. 8). 

—— rofei, 319. (PI. XL, figs. 7a, b). 

—— tennesseensis, 318. (PI. XL, figs. 6a-c). 

Eutaxocrinus, 42, 357-359, 380. (Text-fig. 48). 
interbrachials in, 358, 362. 
the species of, 358. — 


affinis, 362. (Pl. XLIX, figs. 9a-10c). 
alpha, 368. (PI. L, figs. 2, 4, 5). 
amplus, 370. (PI. L, fig. ro). 

(Pl. L, figs. 6-9). 


eifelensis, 364. 
fletcheri, 371. 
gracilis, 367. 
ithacensis, 367, 388. 
363, 365. 


— curtus, 369. 
—- (GPE SQLIDSG, sex, 31¢}))- 
—— (PI. L, figs. 11-19). 
os (PI. XLIX, figs. 8, 8b). 
a (2b IL, ES, 1, 3}))o 
—— juglandiformis, (Pl. XLIX, figs. 
IId-I2). 
—— montanensis, 372. 
—— oblongatus, 359. 
(?)— perplexus, 365. 
(?)— pulcher, 369. 
—— rhenanus, 360. 


(PI. L, fig. 20). 

(PI. XLVIII, figs. 1a-4). 
(Pl. XLVII, figs. 18a, b). 
(Pl. LXXYV, fig. 10). 

(PI. XLVIII, figs. 5a-10). 
—— stiirtzii, 361. (PI. XLVIII, figs. 11, 12). 
—— whiteavesi, 366. (PI. XLIX, figs. 1a-7e). 
Existing Crinoids, abundance of, 97. 
Explanation of Terms, 20-23. 


Families of the Flexibilia, 120. 


Faunas, American and European, 96. 
—— Asiatic, 98. 

— Australian, 08. 

— Hurlet limestone, Scotland, 336, 340. 
— Indian, 08. 

— recurrence of, 349. 

— Richfield, Ohio, 247, 248. 

— Russian Carboniferous, 336, 340. 
South American, 98. 

— Timor, 98. 

—— Tournai, 228. 


Fig Pentacrinite, 24, 265. 
Fixed brachials, 21. 


Flexibilia, history and classification, 108-121. 
absent in certain formations, 25. 

calyx of, 24, 306. 

characters, 24, 26, 106, 112. 

collections, 2-13. 

defined, 105, 113. 

derived from Inadunata, 88, 345. 
distribution, 25, 93, 99. 

earliest forms of, 345, 348. 

families, 120. 

form and habitus, 74, 77. 

geological range, 91, 99, 106, 113. 
interrelationships, 60. 

latest forms of, 337, 341, 380. 
modifications, 61-78, 113. 

mouth exposed, 91. 

name, I03, I10, 267. 

number of genera and species, 6, 93-99. 
phylogenetic relations, 88-92, 107. 
preservation of specimens, 24. 
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—— rarity of, I, 24. 

— scope of this work, 2. 

—— subdivisions of, 75, 76. 

thickness of plates, 24. 

Foerste, August F., 17. 

Folds and ridges, 37. 

Food-grooves, 22, 107, 447. 

Forbesiocrinus, 24, 25, 26, 34, 35, 37, 41, 42, 43, 44, 
53, 55, 64, 65, 76, 114, 117, 118, 170, 217, 225-244, 
338, 330, 341. (Text-figs. 2a, b; 10, 26, 27; 29-31). 

— anal area, 235.. 

—— articulations and sutures, 232-235. 

—— interbrachial structures, 220, 237, 376. 

—— nomenclature, 226, 241, 243. 

— orientation of infrabasals, 240, 256, 260. 

—— “patelloid plates,” 44, 230. 

—— relations to Taxocrinus, 235, 378. (PI. XXI; 
text-figs. 27, 28). 

thickness of plates, 238, 239. (Text-figs. 

29-31). 

type of, 2 

— the species of, 245. 

—— agassizi, 242, 250. (Text-fig. 35; Pls. XXI, 
fig. 2; XXV, figs. 1-6¢; XXVI, figs. 1a-2d). 

var. giganteus, 250, 252. 

—— asteriaeformis, 422. 

—— hurlingtonensis, 253. (Pl. XXVI, figs. 3a-5). 

— cestriensis, 383, 408, 409. 

—— communis, 245, 387. (Pl. XX, figs. 4-8). 

—— divaricatus, 223. 

—— elegantulus, 405. 

— giddingei, 405. 

—— greenei, 92, 258. (Pl. XXX, figs. 1-2b). 

—— incurvus, 335. 

—— jerseyensis, 253, 254. 

-——— juvems, 392. 

— kelloggi, 388. 

—— lobatus, 313, 386. 

var. tardus, 253, 254. 

—— macadamst, 253, 254. 

—— miecki, Hall, 383, 308, 399, 414. 

—— mecki, Quenstedt, 414. 

--— monroensis, 430, 432. 

—— multibrachiatus, 255, 399, 416. (Pls. XXVIII, 
figs. Ia-19; XXIX, figs. 4, 5). 

nobilis, 26, 43, 234, 243, 249. (Text-figs. 20-31; | 

Pls. XXI, fig. 1; XXII, figs. ta-4; XXIII, figs. 
1-8, 10; XXIV, figs. 1a-27). | 

—— norwoodi, 430, 432. 

——— nuntius, 302. 

—— (Lithocrinus) obesus, 170, 173. 

-—— parvus, 383, 408, 409. 

—— prattent, 244. 

-—— pyriformis, 257. (Pl. XXIX, figs. 6a-7b). 

—— ranulosus, 395, 433- 

—— robustus, 223. 

—— saffordi, 26, 35, 240, 259. (Pls. XXI, fig. 3; ; 
XXX, figs. 3a-17; XXXI, figs. 1a-10b). 

-—— semiovatus, 436. 

—— shumardianus, 406. 

—— spectosus, 255, 256. 

—— spinifer (spimiger), 231. (Pl. XLIV, fig. 5). 

—— gn, 2 (PBL SOXINOL, ste, ©). 

—— sp., 248. (Pl. XXIII, figs. ra-13)). 
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—— sp., 248. (Pl. XXIV, figs. 28a-29b). 

—— subramulosus, 300. 

—— tardus, 313. 

— thiemei, 326, 320. 

—— washingtonensis, 256. (Pl. XXIX, figs. 
ta-3b). 

—— whitfieldi, 408, 400. 

—— wortheni, 253, 255. (PI. XXVII, figs. 1-8). 

Free brachials, 21. 

Fraipont, Julien, 307. 

Fultz, F. M., 17: 

Funnel-shaped vessel, 33, 35, 241, 260, 324. (Text- 
fig. 2a; Pl. XXX). 

Fused top columnal, 29, 102, 240. 


Fusion of basals and infrabasals, 29, 38, 119, 232, 
240. 


Gasterocomidae, 454. 
Gazacrinus, III. 
Genera, list of, 94, 121. 


Geographical and Geological distribution, 93-99, 
116, 124, 206, 263, 344. 

Girty, Geo. H., 17. 

Glenn, L. C., 17. 

Glyptocrinus, 77. 

—— expansus, 218. 

Gnorimocrinus, 57, 64, 67, 86, 178, 345, 353-354; 
365, 379. (Text-fig. 47). 

—— the species of, 354. 

—— austini, 352. 

— cirrifer, 355. (PI. XLVII, figs. 7-12). 

—— distensus, 352. 

—— excavatus, 308, 354. 

—— expansus, 354. (PI. XLVII, figs. 1-6) 

—— imterbrachiatus, 350. 

— loveni, 212, 354. 

—— oblongatus, 354, 350. 

— ovalis, 351. 

—— punctatus, 353. 

—— rigens, 354. 

—— salteri, 352. 

—— tubuliferus, 352. 

—— varians, 356. (Pl. XLVII, figs. 13a-17). 

Goldring, Winifred, 18. Expl. Pl. LII, figs. 9-11. 

Gotland, 9, 133, 134. 

Grabau, A. W., 17. 

Greene, Geo. K., 8, ro. 

Greger, D. K., to. 

Gregory, J. W., 810. 

Guettardicrinus, 92, 250. 

Gut, or hind gut; in larval stages, 22, 68, 60, 72, 80, 
81 note, 86. 

—— modification of calyx due to, 67, 86. 

—— movement of in Recent crinoids, 69, 80. 

—— recurving of in ventral sac, 22, 


Hadrocrinus, arms of, 47. 

Hall, James, 7, 44, 127, 266, 270, 287, 280, 399, 444. 
Hambach, G., 12,-17. 

Hamilton, group, 9, 10, 14. 

Harvard University, Museum, 6. 

Hathrometra, anal plate, 60. 

Helderbergian, 9. 
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Heliotype Co., 16. 

Henshaw, S., 6, 17. 

Herrick, C. L., on Richfield beds, 247. 

Hlertzen El 10} 324° 

Heterocrinidae, radianal, 56. 

Heterocrinus juvenis, recuperation, 403. 
Heterotomous arm structure, 20, 46, 73, 77, 223, 


304, 360, 418, 419, 423. 
—— subordinate modification, 305, 410. 


Hexacrinidae, 305. 

Hexacrinus, 77, 447. 

Hisinger, 3. 

Holeroft, C., 2, 17. 

Holopus, 49, 83, 447. 

Holm, G., 17. 

Homalocrinus and Calpiocrinus, 144-153. 

Homalocrinus, 32, 33, 57,144. (Text-fig. 13). 

—— infrabasals, 146, 149, 351. 

radianal in, 149. 

tegmen 1n, 152. 

the species of, 153. 

dudleyensis, 138, 146, 154. 

liljevalli, 155. (Pl. VI, figs. 134-150). 

—— parabasalis, 154. (Pl. VI, figs. 1a-12). 

—— peculiaris, 159. (PI. VII, figs. 6a-c). 

Homocrinus parvus, on specimen of Asaphocrinus 
ornatus, 177. (PI. IV, fig. 22). 

Hormocrinus, 28, 37, 57, 166-167. 

the species of, 167. 

—— anglicus, 168. (PI. XIV, figs. 6-7). 

— gotlandicus, 169. (PI. XIV, figs. 8a-d). 

tennesseensis, 167. (PI. XIV, figs. ta-5). 

Hovey, E. O., 17. 

Hudson, G. H., 17. 


Hurlet limestone, Scotland, 13, 336, 338, 340, 438. 
Expl. Pl. XLII. 
fauna like the Kaskaskia, 340, 438. 


Hybocystites, rays in, 172, 347. 

Hydreionocrinus, 438. 

Hyocrinus, 40, 49. 

Hypalocrinus, infrabasals, 30. 

Hypocrinus, 454. 

Hypothetical figure for Flexibilia, 60, 8r. 
Hee, We 


(Pl. A, fig. 8). 


(Text-fig. 16). 


(PL. A, 


Ichthyocrinidae, 31, 41, 44, 78, 93, 118, 120, 121, 
261-263. 

—— analysis of gertiera, 261. 

—— distribution of genera, 263, 270. 

Ichthyocrinus, 25, 27, 32, 34, 35, 40, 41, 44, 55, 56, 
57, 65, 86, 94, 102, 108, III, 117, 118, 264-272, 
320, 322. (Text-figs. 1a, b; 11; and 36). 

differentiation of species, 270. 

funnel-shaped vessel, 35, 269. 

infrabasals, atrophy of, 262, 269, 270, 277, 289. 

radianal in, 267, 268. 

the species of, 272. 

bacchus, 138. 

bohemicus, 291. (Pl. XXXVI, fig. 15). 

burlingtonensis, 322. 

clarkensis, 323. 

conoideus, 283. (PI. XXXVI, figs. 8a-12b). 

corbis, 285. . (Pl. XXXVI, figs. 1-7). 

devonicus, 290. (Pl. XXXYV, figs. 17a-c). 

gotlandicus, 275. (Pl. XXXYV, figs. 1a-16). 
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—— grecnei, 300. 

—— intermedius, 282. 

—— laevis, 27 [9 fp 
I-I3c). 

—— magnaradialis, 143. 

—— nobilis, 410, 412. 

—— phillipsianus, 284. 
I4e). 

—— pyriformis, 24, 273, 276, 279, 284, 2096. 

schucherti, 299. 

simplex, 130. 

spinosulus, 328. 

sp. 360. (Pl. XXXVI. Expl. of fig. 16). 

subangularis, 281. (Pl. XXXIV, figs. 1-10b). 

tiaraeformuis, 325. 

Idiocrinus tennesseensis, 167. 

Illustrations, 15, 16. 

Illinois State Museum, 7. 

— University of, 7. 

Ilyocrinus carpenteri, recuperation of calyx, 403. 

Imbrication of plates, 271, 284, 289. 

Inadunata, 88, 106, 345. 

Indian Creek, Indiana, 12, 13, 14, 415, 416. 

Inferradials, 21. 

Infrabasals (IBB) and Basals (BB), 20, 31-41, 
117. 

Infrabasals, 20, 29, 31-41, I17-120, 146, I9I, 105, 
232, 240, 322. : 

—— anchylosis, 38, 202. 

—— atrophy, 31, 113, 119, 120, 262, 269, 277, 280, 
315, 337, 339. 

—— fusion with columnal, 29, 30, 119, 232, 240. 

among themselves, 37, 39, 89, 113, 202. 

—— inequality, 38. 

—— modification, 117, 191, 195. (Text-figs. 9-II). 

overgrowth in Homalocrinus and Calpiocrinus, 
32, 146, 149. 

—— position of small, 31, 240, 256, 260. 

in Amphicrinus, 337, 339. 

—— Dactylocrinus, 305. 

— Forbesiocrinus, 117, 240, 260. 

— Ichthyocrinus, 117, 262, 322. 

— Lecanocrinus, 117, 126. 

—— Mespilocrinus, 191, 195. 

—— Nipterocrinus, 202. 

—— Recent crinoids, 39. 

—— Taxocrinus, 379, 395. 

Insertae sedis, 441. 

Interambulacrals (i:Amb.), 21, 22, 50. 

Interbrachials (iBr), 19, 21, 52-56, 230, 237, 238, 
309, 340, 375, 402, 413. 

connection with basals, 406, 407. 

function of, 53, 413. Expl. Pl. LXI. 

growth, 54, 55, 413, 4306. 

increase in number with age, 255, 413, 415. 

— modifications, 52, 61, 73, 223, 300, 327, 357, 358, 

362, 375, 376. | 

perisomic integument, 52, 53, 230. 

Interlocking rays, 268, 416, 423, 427. 

Intermediate types, 1006. 

Internodals, 20. 

Interradials (iR), 19, 21, 52. 

in Recent crinoids, 51, 53, 54, 73. 

Interradius, 24. 

Interray, 21. 

Interrelationships of Flexibilia, 60-78. 

Intersecundibrachs (ilIlBr), 21. 


(Pl. XXXIV, figs. 11a-14). 
(Pl. XXXIII, figs. 


aE 


275, 22 


(Pl. XXXVI, figs. 13a- 


(2) 
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Intestine (see Gut). 

Iowa, University of, 7. 

Iocrinus, Caleidocrinus synonym of, 443. 

= eS 442. (Pls. LXXV, fig.9; LXXVI, 
fig. 2 

Isocrinus, von Meyer in Agassiz, 377. 

—— asteria, I0l. 

Tsocrinus (Isocrinites) Phillips, 28, 36, 30, 40, 46, 
207, 373, 377, 378, 383. 

—— egertont, 377, 378, 384, 439. 

—— macrodactylus, 377, 378, 383, 384. 

—— nobilis, 377, 384, 394. 

tuberculatus, 200, 377, 384. 

Isotomous branching, 46. 


Jahn, Jaroslaw J., 8, 442. 
Jackson, Robert T., 17. 

Jaekel, Otto, 39, 104, 339. 
Juvenile characters, 28, 130, 135. 


Kaskaskia group, 12, 13, 341. Expl. Pl. XLII. 
—— compared with Hurlet, 341, 438. 


Keokuk, collections, 12. 

Keokuk group, 12, 321. 

Keyes, Charles R., 17. 

Kinderhook group, 10. 

Kindle, E. M., 17. 

Kirk, Edwin, 8, 10, 14, 17, 106, 445. 

Klem, Mary J., St. Louis, Mo., 18. 

Knobstone formation, 11, 14, 228, 234, 321, 327. 
Krantz, F., 9. 


Lambe, L. M., 18. 
Lankester, Treatise on Zoology, 103. 
Larval stage, in Antedon, 20, 48, 60, 62, 64, 68-72, 


82, 87. (PI. A). 
in Comactinia, 80-87. (Pls. B, C). 
—— Promachocrinus, 84. (Pl. A). 


—— Recent crinoids, possible relation to Flexi- 
bilia, 107. 

Laurel formation, 8, 15. 

Law of Wachsmuth and Springer, 20, 33, 36. 


Lecanocrinidae, 31, 41, 44, 66, 78, 93, 94, 118, 120, 
122-124. 

— analysis of genera, 122. 

—— distribution, 123, 124. 

Lecanocrinus, 27, 28, 33, 34, 37, 41, 57, 58, 64, 66, 86, 
94, 117, 125-128, 161, 175, 345. (Text-fig. 12). 

— abnormal, 133, 136. 

— Gotland species, 134. 

—— the species of, 127. 


—— angulatus, 139. (PI. II, figs. 24a-c). 
—— bacchus, 138, 140. (PI. II, figs. 25-28). 
—_— pillingsi, 132. (Pl. II, figs. 1-150). 

—— bohemicus, 201. 
—— calyculus, 185. 
—— elegans, 346. 
—— excavatus, 177. 
—— facietatus, 133. 
—— greene, 163. 
—— hemisphericus, 135, 136. 
—— incisus, 178. 
—— laevis, 348. 

—— lindstrémi, 134. 


(PI. Il, figs. 16-21c). 


(PI. II, figs. 22a-23d). 
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—— macropetalus, 66, 129, 163, 165. 
I-18). 

—— magnaradialis, 143. (PI. III, figs. 26a-c). 

—— meniscus, 140. (PI. I, figs. 37a-c). 

—— nitidus, 176, 177. (PI. IV, fig. 22). 

—— ornatus, 176. 

—— oswegoensis, 164. 

—— pisiformis, 135, 137. (PI. I, figs. 14a-36). 

—— pusillus, 131, 136, 140. (PI. L, figs. 1-13). 

—— puteolus, 130. 

—— roemeri, 14x. (PI. III, figs. 30a-32). 

—— simplex, 130, 277. 

— solidus, r30. (PI. III, fig. 19). 

—— soyei, 142. (PI. III, figs. 27a-29). 

—— tennesseensis, 131. 

—— waukoma, 140, I85. 

Lecythiocrinus, 454. 

Letocrinus, 144, 148. 

Liljevall, G., 3. 

Linden formation, 14. 

Lindstrom, G., 3. 

List of genera, 94, 121. 

—— of species under Taxocrinus, 382, 383. 

— of Synonyms, 467. 

Lithocrinus, 46, 53, 170, 222. (Text-fig. 25). 

—— interbrachials in, 223, 230. 

—— divaricatus, 223, 230. (Pl. XX, figs. 1-3c). 

—— wmiilleri, 223. 

—— obesus, 173. 

—— robustus, 223. 

Liverpool Free Public Museum, 3. 

Lluyd (Ludius), E., roo. 

Loose suture, 23. 

Lower Burlington limestone, 199, 321, 327. 


Lower Carboniferous, 10, 440. 
—— of Ireland, 440. 


Lumen of stem, 33-39. 

Lyon, Sidney S., 9, 12, 431. 
Lyon, Victor W., 9, 432. 

Lyon and Casseday, 400, 416, 418. 


(Pl. III, figs. 


(PI. II, figs. 200-25). 


Madely, Wm., 2. 

Madreporite, 22, 335, 429. 
in Onychocrinus, 429. 
—— in Synerocrinus, 335. 


Malformation, 133, 179, 185, 352, 306, 386, 402, 435. 
(PI. II, figs. 15a, 0). 

Marsupites, 91. 

Martin, H. T., 13. 

M’Coy, Frederick, 266, 378. 

Measurements, 271. 

Meek and Worthen, 244, 247, 378, 418, 424, 432. 

Megistocrinus, rays in, 172. 

Melocrinidae, 305, 447. 

Melocrinus hieroglyphicus, 312. 

Membraneous integument, 420. 

Meristocrinus, 114, 211, 379. (Text-fig. 23). 

(?)— anceps, 214. (PI. XVII, figs. 4a-5). 

—— interbrachiatus, 212. (PI. XVII, figs. 1a-3d). 

—-— loveni, 212. 

—— minor, 213. 


(Pl. XVII, figs. 8, 9). 
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(Pl. XVII, fig. 7). 
(Pl. XVII, fig. 6). 


orbignyi, 213. 
(?)— tuberosus, 214. 
Merrill, Geo. P., 18. 
Mesozoic crinoids, 13, 30. 
Mespilocrinus, 27, 31, 42, 190-192. (Text-fig. 20). 
-—— infrabasals sometimes five, 191, 195. 
—— the species of, 192. 
— blairi, 194, 195, 196. (Pl. V, figs. 16a-19). 
—— bordeni, 197. (Pl. V, figs. 23a-c). 
—— chapmani, 199. (PI. V, figs. 24a, b). 
—— forbesianus, 193. (PI. V, figs. 1a-3b). 
—— konincki, 194. (Pl. V, figs. 4-150). 
—— romingeri, 196. (PI. V, figs. 21a-22). 
— scitulus, 194, 195. (Pl. V, figs. 14a, b). 
—— thiemei, 198. (PI. V, figs. 20a, b). 
Metacrinus, 36, 39, 42, 46. 
Metichthyocrinus, 42, 56, 57, 72, 320-321. 

fig. 42). : 
—— the species of, 321. 
—— hburlingtonensis, 322. (Pl. XX XIX, figs. 1-7). 
—— clarkensis, 323. (Pl. XXXIX, figs. 8-18). 
—— greenel, 300. 
—— tiaraeformis, 321, 325. (Pl. 

1Qa-21). 
Michigan, University of, 11. 
Miller, J. S., 1, 24, 54, 100, 101. 
Muller, S: A., 137, 247, 287. - 
Miller and Gurley, 247, 416. 
Milligan, Mrs. J. M., 9. 
Mode of union, 23, 107, 232, 252, 260. 
Modifications of Flexibilia, 60-78. 
Molengraaff, G. A. F. 
Monocyclic, 20, 37, 39, 104, 339, 445. 
Monocyclica and Dicyclica, 103, 104. 
Morris, Catalogue, 377. 
Morphology, 24-59. - 
Mortensen, Th., 69. 
Moscow, Russia, limestone, 9, 13, 335, 340. 
Pl. XLII. 
Mountain limestone, 228, 244, 247, 440. 
Mouth, 22, 48, 107. 
— exposed in Flexibilia, 48, 109, 390. 
—— subtegminal, 22. 
—— tegminal, 22. 
Miller, Johannes, 1, 24, 100, 101, 108, 367, 379. 
Murchison, Sir Roderick I., 275. 
Museums, American Mus. Nat. Hist., 7. 

— Birmingham, 12. 

— British Mus. Nat. Hist., 2. 
. —— Bonn, University, 3. 

—— Brussells, 3. 

—— Comparative Zoology, 6. 

—— Cornell, 7. 

— Dublin, 3. 

—— Dudley, 2. 

—— Field Columbian, 11. 

—— Illinois State, 7. 

— lowa State, 7. 

— Liverpool, 3. 

—— Moscow, 336. 

—_-— New York State, 7. 

—— Paris, 3. 

—— Prague, 442. 

—— Riks, Stockholm, 3. 

—— St. Louis Academy of Science, 7. 

— Sedgwick, Cambridge, England, 3. 


(Text- 


XXXIX, figs. 


Expl. 
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—— United States National, 4. 
— Victoria, Ottawa, Canada, 7. 
—— Walker, Univ. Chicago, 7. 
— Yale University, 6. 
Myrtillocrinus, 36. 


Natural casts, 141, 285. 

Nerve cords and neural ridges, 22, 34, 35, 38, 234. 
(Text-figs. Ic, 2b, 3, 4, 5). 

Nervous system, 32. 

New Mexico, 10, 196. 

New Providence shale, 321. 

New researches, 79-87. 

New York State Museum, 7, 280, 370. Expl. Pl. LII, 
figs. Q-I1. 

Niagaran, 9, 14. 

Nipterocrinus, 26, 28, 31, 41, 53, 55, 57. 72, 86, 198, 
201-202. (Text-fig. 21). 

—— infrabasals undivided, 202. 

—— interbrachial integument, 202. 

—— the species of, 202. 

—— arboreus, 203. (PI. XV, figs. 9-10d). 

—— wachsmuthi, 203. (PI. XV, figs. 1a-8). 

Nodals, 20. 

Nodes and spines, 327. 

Nomenclature, of Forbesiocrinus, 226, 241-244. 

—— of Taxocrinus, 376-379. 

Norwood, Chas. J., 14. 

Nutting, C. C., 7. 


Oligocrinus, 417, 419. 
asteriaeformis, 423. 
Oncocrinus, 180, 187. 
—— bucephalus, 187. 


| O’Neall, J. Kelly, 8. 
i Onondaga group, 9, I0, 14. 


Ontogeny of Recent crinoids, 79-87. 

Onychocrinus, 28, 42, 44, 46, 47, 49, 50, 51, 64, 73, 75, 
228, 230, 237, 242, 417-421. (Text-figs. 8, 51). 
anal tube, 50, 51, 374, 427. (Pl. LXVI, fig. 2). 

exsculptus group, 410, 421. 

flexibility of calyx, 374, 418. 

interbrachials, 376, 420. 

orals, 49, 50, 83, 427. 

pinnulation, approach to, 420. 

ramulosus group, 4190, 421. 

tegmen, 426, 431, 434. 

ventral structures, 418, 426-430. 

the species of, 421. 

asteriaeformis, 410, 423. 
I-10). 

—— cantonensis, 425, 430. (Pl. LXVI, fig. 9). 

—— distensus, 436. (Pl. LXXIII, figs. 5-8). 

—— diversus, 423, 429. (Pls. LXV, figs. 1-7; 
LXVIUI, figs. 11a, b). 

-—— exsculptus, 430. (Pls. LXIX, figs. 1-9; LXX, 
figs. 1-7; LXXI, figs. 1, 2). 

—— magnus, 435. (Pl. LXXIII, figs. 1-4). 

—— meeki, 414. 

—— monroensis, 430, 432. (Pl. LXIX, fig. 7). 

—— norwoodi, 430, 432. (PI. LXIX, fig. 9). 

—— parvus, 437. (Pl. LXXIV, fig. 8). 

(?)— polydactylus, 400, 418, 410, 439. 
figs. II-I4). 


pulaskiensis, 437. 
LXXV, figs. 15a, b). 


ee veeeen 


(Pl. LXIV, figs. 


(Pl. LXIV, 


(Pls. LXXIV, figs. 1-10; 
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—— ramulosus, 418, 433. (PI. LXXII, figs. 1-12) 
—— semiovatus, 436. (Pl. LXXIII, fig. 7). 
—=—— ky eo, (RL ILI, ines: Se, ))c 
—— ulrichi, 425. (Text-fig. 8; Pls. XXI, fig. 5; 
LXVI, figs. 1-10; LXVII, figs. 1-10; LXVIII, 
figs. 1-6). 
-_— whitfieldi, 408, 400. 
-—— wrighti, 438. (PI. LXXV, fig. 14). 
Ordovician, 8. 
Orals (O), 22, 48, 335. 
— asymmetrical, 22. 
— madreporite, 22, 335, 429. 
—— symmetrical, 22. 
—— unequal in Flexibilia, 40, 390, 428. 
—— in Holopus, 49. (PI. A, fig. 8). 
Hyocrinus, 40. 
Onychocrinus, 49, 427. (Pl. LXVII, figs. 7. 


(Pl. LXXV, fig. Ic). 
(Pl. XLII, figs. 82, 0). 
(Pl. LIT, fig. 1b). 


9a). 

Ptilocrinus, 49. 
Synerocrinus, 335. 
Taxocrinus, 390, 428. 


Orientation, 23. 

—— of axial canal, 34, 241, 269, 277, 339. 
—— of infrabasals, 31, 240, 256, 260. 
Oriskany formation, 9. 


Ornamentation, 27, 271, 351, 401. 
—— of column, 400, 401. 


Osgood formation, 8. 

Ottawa, Museum, 7. 

Ovarian vessels, 22. 

Owen and Shumard’s types, 7, 10. 


Pacht, Raimund, 305, 311, 378. 

Parallel modifications, 379. 

Parichthyocrinus, 25, 41, 42, 207, 314, 339, 343, 410- 
411. (Text-fig. 50). 

—— thickness of plates, 411. 

-—— the species of, 411. 


—~—— crawfordsvillensis, 416. (Pl. LXIII, figs. 
5, 6). 
—— meeki, 414. (PI. LXII, figs. 1-3). 


-— nobilis, 412. (Pl. LXI, figs. 1a-16). 

—— subovatus, 415. (Pls. XXI, fig. 6; LXII, figs. 
4-17; L&III, figs: 1-4). 

Palmars, 21. 

Paris, Muséum d’Histoire Naturelle, 3, 226. Expl. 
Pl. XXII, fig. 3: 

Parkinson, J., 24, 265, 274. 

IRardkeg, WW ANG, Wo 

Pate, W. F., 8, 9, 14. 

“Patelloid plates,” 44, 45, 112, 230, 242, 252, 271, 
402, 407. (Text-figs. 6a-d; 7a-d). 

Pavlow, A. P., 336. 

Pear-encrinite, 265. 

Pentacrinidae, 40, 117. 

“ Pentacrinoids,” 70, 79. 

Pentacrinus, 40, 46. 

caput medusae, 101. 

—— muiilleri, 40. 

—— tuberculatus, 273, 274. 

Pentremites, basals in, 38: 

Perforation of brachials, 37. 

Perisome, 22, 50, 51, 62, 114, 230, 429. 

—— in Nipterocrinus, 202. 

-—— in Pycnosaccus, 181. 

in Taxocrinus, 374. 
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Perner, J., 442. 
Persistent proximale, 20, 23, 29, 30, 119, 232, 240. 
Phillips, John, 108, 210, 217, 266, 274, 315, 377, 378, 
384. 
Phrynocrinus, 42, 64. 
Phylogeny of the Flexibilia, researches on, 79. 
Phylogenetic relations, 88-92, 107. 
Pinnules and Pinnulars, 20. 
—— none in Flexibilia, 20, 47, 420. 
Piret, Ad., 11. 
Platycrinidae, 38, 305. 
Platycrinus, basals in, 38, 448. 
—_— hemisphericus, 390. 
Plicatocrinidae, 49, 107. 
Portage, 10, 360. 
Posterior basal, 40, 41, 114, 191, 235-237, 262, 401. 
(Text-figs. 27, 28a-c). 
—— oral, 335, 390, 428. 
Poteriocrinidae, 42. 
Poteriocrinites nobilis, 394. 
Poteriocrinus, 57, 108, 190, 193, 304. 
— (young), 190, 193. 
— brachialis irregularis, 172. 
—— egertom, 108, 377, 384, 304. Expl. Pl. LXIV, 
hg. 14. 
—— granulosus (granulatus), 319. 
—— nobilis, 108, 305, 384, 304. 
— phillipsianus, 319. 
—— pisiformis, 135, 136. 
Primary brachials, 41, 42. 
--— modification by anals, 413. 
Primary divisions of the Crinoidea, 105. 
Primary plates, 25, 27-51, 74. 
Primibrachs (IBr), 10, 21, 41, 42, 89, 181, 233. 
—— number 41, 186, 377, 378, 380, 384, 390, 306, 
401, 409, 418, 431, 434. 
—— variations in Asaphocrinus, 179. 
in Lecanocrinus, 126, 142. 
in Parichthyocrinus, 413. 
in Pycnosaccus, 181. 
Progucttardicrinus, 92, 225, 259. 
—— greene, 258. 
Promachocrinus, 30, 39, 48, 52, 53, 54, 63, 64, 71. 
—— kerguelensis, larval stage, 84. (PI. A, figs. 
10-15). } : 
Protaxocrinus, 53, 57, 58, 64, 67, 86, 88, 89, 90, 91, 
233, 345, 379. (Text-fig. 46). 
—— radianal primitive, 58, 345. 
—— the species of, 346. 


—— elegans, 346. (PI. XLV, fig. 1). 

—— girardeau, 349. (PI. XLV, fig. 8). 

—— interbrachiatus, 350. (Pl. XLV, figs. 13-16). 
—— laevis, 348. (Pl. XLV, figs. 2-7). 

—— ovalis, 351. (Pl. XLVI, figs. 8a-11). 
—— robustus, 349. (Pl. XLV, figs. oa-11). 
—— salteri, 352. (Pl. XLVI, figs. 1a-7). 
——— virginiensis, 350. (Pl. XLV, fig. 12). 
Proximal, 23. 

Proximale, 20, 23, 29, 30, 31, 240. 
Pseudomonocyclic, 277. 

Ftilocrinus, 40, 53, 54, 64, 83, 118. 


|= pinnatus. (Pl. LXXV, figs. 1a-c). 
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Pycnosaccus, 
180-183, 198. (Text-figs. 3 and 19). 
—— perisomic integument, 18r. 
-—— tegmen, I82. 
--— the species of, 182. 
-—— americanus, 188. 
—— bucephalus, 187. 
— calyculus, 185. 
-—— canadensis, 189. 
—— costatus, 182, 183, 184. (PI. XI, fig. 10). 
—— dubius, 189. (PI. XIII, figs. 11a, b). 
-~-— nodulosus, 184. (PI. XI, figs. 11a-16c). 
—— ornatus, 188. 
—— patei, 186. 


(Pl. XIII, fig. 10). 
(Pl. XII, figs. toa-11). 
(Pl. XIII, figs. 6-9b). 


(Pl. XII, figs. 1-9b). 

—— scrobiculatus, 183. (PI. XI, figs. ta-10). 
—— tenuibrachiatus, 187. (Pl. XIII, figs. ta-2). 
—— welleri, 188. (PI. XIII, figs. 3a-5b). 

—— sp. from the Laurel limestone, 182. 


Quartibrachs (IVBr), 21. (Pl. XXIV, fig. 23). 
Quenstedt, F. A., 108, 202, 306, 363, 309, 414. 


Racine formation, 9, 287. 


Radials (RR), and Brachials (Br), 21, 41-45. 
—— r. post R, 41. 


Radianal (RA), 21, 56-59, 85-90, 111, 126, 208, 262. 


—— abnormal, 133, 136. 
— homology, 56. 
—— migration, 50-59, 61, 80, 85, 86, 113. 
—— position, 56, 58, 126. 
—— primitive, 58, 90, 345. 
— in Clidochirus, 295. 
Forbesiocrinus, 57, 58. 
Homalocrinus, 57, 149. 
Ichthyocrinus, 57, 268. 
Lecanocrinus, 57, 126. 
Protaxocrinus, 57, 58, 345. 
Recent crinoids, 80-91. 
Sagenocrinus, 58, 2106. 
Taxocrinus, 57. 
Temnocrinus, 57, 208. 
Radius, 21. 
Ramules, 20, 47, 152, 420. 
Rathbun, R., 4. 
Ratte, F., 98. 
Raymond, Percy E., 18. 
Rays, 21, 431. 

——— buttresses, 350. Expl. Pl. XLV. 
—— fan- shaped, 262. 
—— fringed, 366. 
—— interlocking, 262, 268, 418, 423, 427. 
non differentiation of, 262. 
—— number, 4, 6, 7, and 10 (see Ainormalitics)s 
oo unequal, 46, 171, 172. 
Recent crinoids, 5, 6, 13, 30. 
axial canal, 36. 
—— collections, 5, 6,°7. 
—— column, 30. 
——— distribution and abundance, 97, o8. 
-—— number of species, 6, 97, 9! 
—— proximale in, 30. 
Rectum, 22 (see Anus). . 
Recuperation of calyx, 32, 402, 403. 
Recurrent ambulacra, 347. 
Reed, F. R. Cowper, 98. 
Reteocrinidae, 53, 90. ; 
Reteocrinus nealli, 90. (Pl. LXXV, figs. 7, 8). 
Resorption of infrabasals (see Atrophy). 


27, 28, 33, 34, 35, 37, 39, 41, 53, 55, 178, 
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Rhipidocrinus, 77. 

Rhizocrinus, 403. 

Rhodocrinidae, 53, 2 

Rhodocrinites verus, ee 

Rhodocrinus, 77. 

—— gracilis, 367. 

—— nuitius, 302. 

—— thiemei, 329. 

—— verus, 218. 

Rhopalocrinus, 453. 

gracilis, 453. (Pl. LXXYV, figs. 11a-d). 
Richfield, Ohio, position of beds, 247. 
Richmond formation, recurrent types, 349. 
Ricker, Mrs. E., 15 

Ricker, Maurice, 15. 

Ridges on plates, 27, 37, 30, 141. 

Riks Museum, Stockholm, 3, 133, 134. 
Ringueberg, E. N. S., 8, 129, 130, 176. 
Rochester shale, 8. 

Roemer, C. F., 108, 137, 210, 378. 

Roemer, F. A., 361. 

Rofe, John, 315. 

Rolfe, C. R., 18 

Rominger, Carl, 5, 11, 492. 

Rowley, R. R., 7, 306. 

Russian Carboniferous, 9, 13, 335, 340. 
Rutherglen, History of, 24, 330. 


Safford, J. W., 260. 


Savenocrimidaes 4I, 44, 93, 118, 120, 122, 205-206. 
—— analysis of genera, 205. 
distribution, 205. 


Sagenocrinites, 215. 

expansus, 218. 

giganteus, 218. 

Sagenocrinoidea, 113, 120, 122-124. 

Sagenocrinus, 46, 53, 57, 58, 64, 65, 76, 113, 114, 
215-218, 242. (Text-fig. 24). 

—— plan, 64. 

—— radianal, 216. 

——— the species of, 218. 


—— americanus, 221. (PI. XIX, fig. 5s). 

—— clarki, 220. (PI. XIX, figs. 4a-d). 

— expansus, 218. (Pls. XVIII, figs. 1-9; XIX, 
figs. Ia-3c). 

Salter, J. W., 138, 139. = 

Sardeson, F. W., 8. 

Sars, M., 60. 

Savage, T. E., 18. 

Scharff, R. F., 430. 

Schluter, C., 18. 

Schuchert, Charles, 18. 

Schultze, L., 3, 127, 307, 309, 378. 

Schultzicrinus, 36. 

Secundibrachs (IIBr), 21. 

Sedgwick, Museum, Cambridge, 3, 138. 

Seeliger, O., 39. 

Senzielles, Belgium, 312. 

Shumard, B. F., Owen and, 7. 

Side-pieces, 21. 

Silurian, 8, 96, 349. 

Sinuous sutures (see Arcuate sutures). 
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